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Abs t i act 
Rats readily form taste aversions when long delays 
intervene between taste and sickness, but do not readily form 
aversions to the appearance of what they consume. This thesis 
shows that the situation for chickens is exactly the converse: 
They form colour aversions over long delays with only a single 
pairing of the colour and sickness; The colour aversion does 
not extinquish quickly and cannot be attributed to either taste 
mediation or to a non-associative effect; Furthermore, chickens 
have di ffi cul ty forming taste ·aversions. 
- These findings show that long delay learning 1s not 
limited to tastes and to rats. Hence, any explanation of long 
delay learning cannot be based solely on the special stimulus 
properties of flavours or on the uniqueness of rats. Apparently, 
animals associate eating-related cues with sickness over long 
delays. In the case of rats, tastes, but not visual cues, are 
eating-related while 1n the case of chickens, visual, but not taste 
cues, are eating-related. 
Colour is not the only eating-related stimulus for 
chickens. They also form a texture aversion when a delay of 
hours intervenes between consumption of novel- coarse food and 
the injection of lithium chloride. This finding suggests that 
chickens do associate either pharyngeal cues or a visual cue, 
other than colour, with induced sickness. Additional experi me ntation 
is required to determine whether it is the pharyngeal and/or 
the visual aspects of texture which are associated with induced 
sickness. 
l l l 
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Chaptr:r 1 
Introd uct ion 
The adequacy of learning laws has been questioned 
-owing to findings within (e.g., Bolles, 1970; Moore, 1973; 
Staddon & Simmelhag, 1971) and outside (e.g. , Hinde, 1973) the 
area of learning. One majo r source of such findings is food 
1. 
aversion learning (Revusky & Garcia, 1970). Findings from this 
area contradict the tacit assumption that there is such a thing 
as a neutral stimulus since rats associated tastes with sickness 
more readily than with shock and external stimuli with shock more 
readily than with sickness (Domjan & Wils on, 1972; Garcia & Koelling, 
1966). Furthermore, a taste cue can become aversive when toxicosis 
follows feeding by many hours contrary to the traditional 
assumptiDn that temporal contiguity is necessary for learning 
(Revusky, 1968; Smith & Roll, 1967). 
Attempts to reconcile a belief in a general learning 
process with these contradictions to traditional laws emphasized 
two points: (1) Food aversion learning does adhere to other 
laws of learning (see, Revusky, 1977a); (2) A food aversion can 
be obtained with such a wide variety of species that it cannot 
be considered a specifi c adaptation of the rat. Quail and 
guinea pigs, fo r example, associate the visual properties of 
food . with induced sic kness when the aversive agent is delayed 
by 60 min (Braveman, 1975; Wilcoxon·, 1977); in the case of 
quail, the visual cue may even overshadow the taste cue. 
Furthermore selective association of stimuli with different 
consequences 1s not l imited to th P feed i ng situation since 
pigeons differen t ia l ly as sociate ound with shock and visual 
sti muli with recei pt of f ood (Foree & Lolordo, 1975). Long 
delay learning · can also occur ou tside of the feeding situation 
as evidenced by rats associati ng le f t or right turns with food 
reinforcement which is delayed bj up to 60 mi n (Lett, 1975) . 
Previously, i t had been believed that flavour was the 
only cue which could be so powerfull y ass ociated with sickness as 
to permit long-delay lea r ni ng (e. g., Garcia & Ervin , 1968). 
Wilcoxon, Dragoin, and Kral 1 s (19 71) demons tration that quail 
associate visual cues with i nduced sickness shows that a cue 
other than taste can be r elevan t in a fe eding situation . 
Consequently, it was sug gested t hat other species might form 
powerful aversions to other eat ing - related cues (Rozin & Kalat, 
1971). 
It would have be en very elegant, then, if the analysis 
of the role of food-rela te d vi sual s t imu l i with birds could have 
paralleled the analysis of taste cues wi th rats. Unfortunately 
two difficulties arise when such a str ai ghtforward approach 
is employed. The fi rst is due to reports that not all birds 
associate sickness wi th vi sual s t i muli in preference to 
taste. Pi geons - (Irwi n, 1976) and chickens (Gaston, 1977) 
did not f orm a vi s ual avers io n unless a novel taste cue was 
presented si mul taneou s ly with the visual cue . This supported 
Brower 1 s (1 969 ) suggest i on that blue jays need a taste cue to 
2. 
3. 
mediate a visual aversion. In a similar vein, Brett, Garcia, 
and Hankins (1976) showed that hawks used taste cues in preference 
to visual cues when forming food aversions. It could not be 
assumed, then, that all birds would use visual cues in preference 
to taste cues even though they were probably very sensitive 
to the visual stimuli. In fact, the data from birds, other 
than quail, indicated that they, li ke rats, used taste cues 1n 
preference to visual cues. The second problem is that quail use 
visual cues in preference to taste cues but do not associate 
visual cues with sickness when the delay exceeds 60 min . A 
variety of explanations could be offered for differences 1n 
rats' and quails' use of food-related stimuli. Visual stimuli 
may have low salience (Braveman, 1975). The number of 
interfering events between the food and sickness could greater 
for visual cues (Czaplicki, Borrebach, & Wilcoxon, 1976). It 
is even possible, in agreement with Testa (1974) and Thompson 
(1976), that the properties of taste are unique and contribute 
to associations over delays. Hence, demonstrations of associations 
over substantially longer delays with tastes than with visual 
cues may reflect a fundamental difference between these two 
food-related sti muli. If so, birds might be incapable of 
forming visual aversions when longer delays intervene even 
though they aJsociate visual cues with sickness in preference 
to taste cues. 
We do not know whether or not any of the above 
factors contribute to the apparent inability of birds to form 
4 . 
visual aversions over long delays . The use of visual f eedi ng cues 
has been examined in detail with only quail (Wilcoxon, 1977). Even 
with this species, no attempts have been made to determine 
which factors · may contribute to the difficulties involved i n 
obtaining long delayed visual aversions. 
The following series of experi ments was an attemp t to 
obviate some of these difficulties. I examined chickens' 
ability to form visual aversions when proper controls for 
~aste mediation and sensitization were employed- I then varied 
the delay between presentation of the novel visual cue and 
sicknes.s. 
Ch apte , 2 
Formation of Visual ~versions by Chicke ns 
Experi ment 1 
At present, there is no evidence that chickens learn 
visual-sickness associations as readily and stro ngly as rats 
learn taste-sickness associations. The very long delays of 
sickness which have been shown to prod0ce effective aversions 
in rats after a single pairing (Revusky, 1968; Smith & Roll, 
5. 
1967) have not been tested with chickens. In order to obtain 
visual aversions in chickens, Capretta (1961) used mult ipl e 
training trials and Gaston (1977) presented a taste in conjunction 
with the visual cue . In contrast, chickens readily learn 
about visual cues 1n other situations. They successfully 
associate colours with aversive tastes (Watts & Mark, 1971; 
Shettleworth , 1972), electric shock (Shettleworth, 1972), food 
reward (Dawkins, 1971a, 1971b), and heat reward (Zolman, 1976). 
Furthermore visual cues can influence food selection in very 
young chicks as a result of their correlation with post-
ingestional effects (Hogan, 1975, 1977) and older chickens can 
self-select calcium on the basis of both visual and taste cues 
(Hughes & Wood-Gush, 1971). 
The first experi ment , then, was concerned with 
producing visual aversions in chickens with high dosages of 
~ 
lithium chloride. This possiblity emerges because earlier 
studies used relatively low dosages of poison (Capretta, 1961) 
or failed to specify the dose in relation to the animals's body weight 
6 . 
(Gaston, 1977). Even the rat shows weak aversions when 
an inappropriate or low dosage of poison is used. For instance, 
Andrews & Braveman (1975) did not obtain strong taste aversions 
in the rat with the dosage of hypertonic saline Capretta used 
for chickens. They did, however, obtain good aversions with 
higher dosages. These aversions were not as strong as those 
produced with comparable dosages of one of the most effective 
toxins; lithium chloride (Nachman & Ashe, 1973; Nachman & 
Hartley, 1975; Revusky & Garry, 1973). Since lithium chloride 
has also been ~hown to be effective in producing an aversion 
in chi·ckens (Gaston, 1977), it was selected as the toxin in the 
present series of experiments. 
General Method 
Subjects 
White Leghorn X Black Australorp chickens (Gall~ 
gallus), obtained as fertilized eggs from BimBimBie Poultry farm, 
Melbourne, Australia, were used in all experiments. 
Apparatus 
Housing. Eggs were incubated for the first 17 days in 
a Multiplo E-1 incubator and for the remaining four days in a 
Multiplo No. 9 incubator. Chickens were then placed in a Multiplo 
communal brooder until they were moved to individual wire mesh 
cages (19 X l6 X 16cm) that had paper covering all sides but the 
front. 
Containers. White translucent polyethyline containers 
which had a diameter of 5 cm and height of 10 cm were used 
7. 
to provide food and water. Each container had a 3 cm hole 
that was 3 cm from the floor of ~he cage. Food was always on the 
right and water on the left side of the cage. 
Water. Tap water was used throughout all experiments. 
Coloured water consisted of 10 ml of Aeroplane food dye added to 
6000 ml of water. 
Food. D & R chick starter with a protein content of 20.0% 
' 
was used. Each 100 g of food had 100 ml of water added to it. 
In different experiments, the food was presented as is, 1n the 
form of wet mash, or in a dry form. In the latter case, all 
the water was removed by placing the mash in a 10°c oven; 
afterwards, the dry food was crushed. 
Food treated with uncolbured water was beige 1n 
appearance. Coloured food was prepared by adding 6 ml of 
Aeroplane food colouring to 94 ml of tap water prior to mixing the 
water with the food. Flavoured food was prepared by adding some 
solute to 100 ml of water prior to mixing the fluid with the 100 g 
of food . Textured food was crushed dried food that was sieved 
so it would have a diameter between 0.3-1.0 mm (Fine) or 2.4-3.4 
mm (Coarse) .. 
Injected substances. Various concentrations of 
lithium chloride were used. Physiological saline was also used 
for control injections. All injections were intraperitoneal (i.p.) 
at 10 ml/kg body weight. 
8 . 
Procedure 
In the light-dark cycl ~, illumination began at 0700 h 
and ended at 1900 h except on Day 15. 
The chickens were moved from the communal brooder 
to individual cages on Day 9. Ad libitum food and water were 
provided up to 1700 h of Day 11. Food was then made ·available 
. 
from 0900 to 0915 hand 1100 to 1900 h. Water was available 
except during the 0900 to 0915 feeding session. 
Food consumption was measured on Day 14 (pretraining), 
Day 15 (traini~g), Day 18 (pretest), and Day 19 (test) by weighing 
ea~h chicken immediately before and after the 0900 to 0915 
feeding session. In some experiments testing and weighing was 
continued beyond Day 19 at the 0900 to 0915 feeding session. 
On Day 15 the chicks were injected i.p~ with either 
LiCl or physiological saline after the 0900 to 0915 feeding 
session. About 10 h aftef'\,',/ards, at 1900 h, food was provided 
for 24 hand the lights were left on during the entire period. 
The 24 h access to food and water aided the chickens' recovery 
from the poisoning. On Day 16 at 1900 h the light-dark cycle 
and the deprivation procedure began as before. 
Statistical Analysis and Data Presentation 
In all experiments chic kens from at least two separate 
hatches were _used and the chicks fro1n each hatch were used at 
different times. Chickens from each hatch were randomly and 
equally assigned to both experimental and control groups . Data 
analysis involved analyses of variance for multiple group 
I· 
experiments and t-tests for two qroup experiments. Individual 
means 1n mu ltiple group experime11ts were compared with Scheffe 
multiple comparisons. 
The groups seldom differed on any day but the 
test days. Hence, test day differences are always mentioned 
9. 
in the text, but the data analyses for other days are only 
reported when a reliable difference was obtained. Complete AN0VA 
and Scheffe tables are presented in Appendix 2. Control groups 
which were injected i .p. with physiological saline were combined 
if there was no reason to believe they would differ and there 
was no ·difference between them significant at the two tail_ 0.05 
level. These analyses are also reported in Appendix 2. 
Specific Method for Experiment 1 
Sixty-four animals were given dry red food, instead of 
dry beige food, on the training day and were injected with 1 ml 
per 100 g body weight of either 0.4, 0.6, or 0.8 M LiCl 
(16.96 g, 25 . 44 g, or 33.92 g of LiCl per 100 ml of distilled 
water) or an equivalent volume of physiological saline. 
Eight chickens at each dosage level were given red food 
and the remaining 8 animals at each level were given beige food 
on the test day as a control for any possible t~st day anorexia. 
Results 
The- food consumption of animals exposed to red food on 
both the training and test day are reported in Figure 1. These 
animals differed reliably on the test day (£_(3, 28) = 9.67, Q < .01). 
10. 
A group was considered to have e ·· hibited an aversion if it consumed 
less than the saline control gro •i p. By this criterion the 0.8 
(.E_(l, 28)= 22.16, £ < .01) and the 0.6 (.E_(l, 28) = 15.04, £ < .01) 
groups exhibited an aversion, but the 0.4 group did not (F(l , 28) = 
1.82, £ > .05). In addition, the 0.8 group ate substantially 
less than the 0.4 group (£_(1, 28) = 11.28, £ < .01). No other 
differences were significant. 
The results for the control chickens trained with red 
food but tested with beige food are shown in Figure 2. They do 
not show any effect of amount of LiCl on consumption during the 
test (£..(3, 28) = 1.25, £ > .05) thereby indicating that the 
-red food aversions seen 1n Figure 1 are ,,not attriibutable to 
generalized anorexia. 
Figure 1 
The mean amounts of red food consumed on the trainin g day 
(white bars) and test days (black bars) by groups that were 
~ 
injected with either physiological saline (Cont), 0.4, 0.6, 
or 0.8 M LiCl. Perpendicular lines are standard devia t ions. 
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Figure 2 
The mean amounts of red food consumed on the training day (white 
-bars) and beige food on the test day (black bars) by groups that 
were injected with either physiological saline (Cont), 0.4, 0. 6, 
or 0.8 M LiCl. Perpendicular lines are standard deviati ·ons. 
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Experi mP. nt 2 
The aversions formed in the first experiment were 
not shown to be specific to red since the chickens' red food 
avoidance could be attributed to a dislike of food with any 
novel colour. In Experiment 2, red food was paired with LiCl 
and the chickens consumption of red, pink, blue, and green 
food was measured. A pronounced red food aversion relative to 
13. 
the other novel colours would indicate that the aversion was specific 
to red. 
Method 
Forty,eight chickens were exposed to dry red food, in 
-
place of dry beige food, during the 0900-0915 feeding session 
on the training day. After food removal, 32 chickens were 
injected with 0.8 M LiCl (1 ml per 100 g body weight) and the 
other 16 were injected with an equal volume of physiological 
saline. 
The LiCl and saline groups were further subdivided into 
equal sized groups and were given either dry red, pink, blue, or 
green food during the 0900-0915 feeding session on days 19 and 
20. 
Results 
Training and test day food consumption are presented in 
Figure 3. A reliable difference was obtained on the first test 
day between the LiCl groups and the pooled saline control group 
(£.(4, 43) = 8.95, Q < .01). Multiple comparisons indicated that 
the aversions was specific to red and generalized slightly to blue. 
14. 
The groups tested on red (£.(1, 41 ) = 23.31, £ < .01), pink 
(£.(1, 43) = 18.27, Q_ <.01), an d blue (£.(1, 43) = 4.86, Q_ < .05) 
showed an aversion relative to the saline control group on the 
first test day. The group tested on green (£.(1, 43) = 0.99, £ > 
.05) did not show an aversion relative to the saline control 
group. The group tested on red food also ate reliably less than 
the groups tested on green (£.(1, 43) = 12.20, Q_ < .01) and blue 
(£.(1, 43) = 5.28, £ < .05). 
This pattern of results held up on the second test day. 
There was an overall reliable difference (£.(4, 43) = 3.93, Q <.01) 
and on1y the groups tested on red (£.(1, 43) = 4.36, Q_ < .05) and 
pink (£.(1, 43) = 7.78, Q_ < .01) showed an aversion relative to 
the saline control group. 
It appears, then, that experience with red food and 
sickness does not result in avoidance of all novel foods. At 
this point, I had not evaluated the possibility that poisoning may 
produce avoidance of red food regardless of whether or not it 
was present on the training day. However, it was evaluated and 
excluded 1n Experiment 10. 
The findings from this experiment indicate that the 
chicks were not differentiating between the coloured foods on the 
basis of brightness. Pink food aversions were maintained even 
though pink ~iffered more from red in brightness than did the 
other colours. 
15 . 
Figure 3 
The mean amounts of red food (RF) consumed on the training day (white 
·bars) and the mean amounts of red (R), pink (P), blue (B), or 
green (G) food consumed on test day 1 (black bars)and test day 
2 (striped bars). Cont represents the pooled control groups. 
Perpendicular lines are standard deviations. 
5 · 
-
ul 4·0 
-
0 
UJ 
~ 3 · 0 
:J 
(J) 
z 
0 
u 2·0 
0 
0 
0 1 · 0 
LL 
0 . 0 Jl ii It 4 ¥ g w ta~fe-'tlf~• as !IF' !,wf,~~ A ·W tHEL ~~ I Wo/i~:· ~ w M· ' ! 4 fi&tn· ~  
CO NT RF RF RF PF RF BF RF GF 
0-8 M Li Cl 
16. 
Experi 111e nt 3 
The present experiment examined the importance of the 
red dye's flavour in dried food by raising chickens on red 
food and red water under red lights. To human observers red 
food and water under red lights are very similar in appearance 
to beige food and tap water. The appearance of beige food and 
tap water is not altered by either light. Hence, ra1s1ng 
chickens on red food under red light familiarized them with the 
appearance of beige food and tap water and with the taste of red 
dye. 
All chickens were raised on red food and red water 
-under red lights for twelve days. Then all chicks were switched 
to beige food and tap water; half remained under red light and 
the other half were moved to where normal white light was 
present. So, all chickens, whether in red or normal lights, 
still saw the food as beige and were equally familiar with the 
taste of red dye. On the training day all chickens were given red 
food which appeared red to the chickens under white light and beige 
to the chickens under red light. The chickens were then poisoned. 
Presumably the chickens trained under white light would see 
a difference between the beige food, with which they were 
familiar, and the red food. The chickens that were under red 
light would not see the difference in appearance between red and 
beige food since all food appeared beige under red lights. 
It was expected that the chickens trained and tested 
under white light would show an aversion to the red food 
because of its change in appeara n~e. In contrast, the chi cks 
trained and tested under red lig ~ts would not show an aversion 
because there was no change in the appearance of the food. 
Method 
Twenty-four chickens were moved into a room wh ich 
17. 
was illuminated by fourteen 40-Watt red lights, immediately 
after hatching. All chickens were given ad lib access to both 
red food and red water while under red lights. On day 12, half 
the chickens -were moved to a room which had normal white lights; 
the other half remained under the red lights. All chickens were 
switched from dry red food and red water to dry beige food and 
tap wate~ on day 12. These conditions were maintained 
throughout the experiment with the exception that red food 
was presented for 15 min on both the training and test days. 
Red food was re-introduced during the 0900- 0915 
feeding session on the training day. After food removal, 
eight chicks under the red lights and eight chicks under normal 
lights were injected with 0.8 M LiCl at a dosage of 1 ml per 
100 g body weight. The remaining four under red lights and the 
four under normal lights were injected with an equal volume of 
physiological saline . Four days later, the test day, all 
chickens were exposed again to the red food dur in g the 0900-
0915 feeding session. 
Res u·1 ts 
Figure 4 shows training and test (F(2, 21) = 6. 44 , 
£ < .01) day consumption for all groups . Multiple comparisons 
18 . 
showed that chickens trained und er white light consumed 
reliably less red food than didth e pooled control group (£..(1, 21) = 
7.97, .2. < .05) and the group trained and tested under red lights 
(£.(1, 21) = 11.17 , .2. < .01) . The group trained and tested 
under red light did not differ from the control group (£..(1, 21) = 
0.27, .2. > .05). 
It appears, then, that the change in the food's 
appearance determined that an aversion would be obtained. The 
taste seemed irrelevant; both experimental groups were exposed 
to the familiar red dye but no aversion was obtained unless 
a change in appearance also occurred. Both groups should have 
been comparable if taste cues were required. It ap.pears that 
the flavour of the dye, if it exists, does not contribute to 
the formation of a visual aversion . 
Figure 4 
Mean amounts of red food consumed 1n grams on the training and · 
test day by the pooled saline control group (Cont) and the two 
LiCl groups. One LiCl group was trained and tested und er red 
lights (RR) on red food (RF) and the other LiCl group was trained 
and tested on RF while under white lights (WR). Perpendi cular 
lines are standard deviations. 
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Experi rr~ nt 4 
One might argue that t ile familiar taste mediated 
the visual aversion in the previous experiment but did not 
accrue any measurable associative strength. The following 
experiment would render this explanation very unlikely if 
a negative result were obtained. Chickens were trained on 
a novel and intense flavour . Increases in novelty (Revusky & 
Bedarf , 1967) and intensity (Dragoin, 1971) facilitate the 
formation of food aversions in rats. Hence, failure to obtain 
a powerful flavour aversion in chickens under very favourable 
conditions would make it unreasonable to suppose that the 
-familiar flavour of red dye me diated the visual aversion in 
Experiment 3. 
Sodium chloride was used to flavour the dried food 
20. 
because physiological recordings (Gentle, 1972; Halpern, 1962) 
and behavioural tests (Fuerst & Kare , 1962; Gentle , 1972; 
Kare, Black , & Allison, 1958; Kare & Pick, 1960) indicate that 
chickens could taste it. In particular, they discriminate 
between food which contains eight grams of NaCl per 92 grams 
of food and food which does not (Jukes, 1938). Higher concentrations 
than those used by Jukes were employed in this experi ment in 
order to maximize the chickens' opportunity to taste aCl in 
the dried food over the 15 min training and test sessions. 
Method 
Thirty -si x birds were divided equally among three 
groups. Each group was given access to either 7.4%, 11.0%, or 
21 . 
19.0% NaCl in dry beige food (s.11 12.0, or 24.0 g of NaC l 
in 100 ml of water was added to 100 g of food and was dried and 
crushed) at the 0900-0915 h feeding session on the traini ng day. 
After food re~oval, eight animals were injected with 0.8 M Li Cl 
at a dosage of 1 ml per 100 g body weight. The remaini ng four 
chicks in each group were injected with an equal volume of 
physiological saline. All groups were tested four days later 
with the food that had been presented on the training day. 
Results 
The chickens did not show an aversion. to NaCl 
adulterated dry food on the test day (£_(3, 32) = 0.26, _p_ > .05). 
An inspection of Table 1 indicates that chickens' food 
consumption was not influenced by the increasing amount of 
NaCl in the food . The absence of a taste aversion and any 
apparent reduction in food consumption provides further support 
for the contention that taste cues probably did not mediate 
the red food aversion which was obtained in the first two 
experiments. 
22. 
Table 1 
Consumption 1n grams of 7.4%, 11.0%, and 19.0% NaCl flavoured 
food on tne training and test days by both the Li Cl and pooled 
saline control groups. 
Combined 
Control 7.4% 11.0% 19.0% 
Training 2.35 2.01 1. 61 2.47 
Test 2.30 1.77 1.99 2.15 
Exper irnent 5 
The absence of a learned aversion to the 19.0% NaCl 
flavoured food was surprising since it is nearly certain that 
23. 
the chicks tisted the NaCl. Chicks have consumed unadulterated 
food in preference to 8.0% (Jukes, 1938) and 2.0% NaCl .adulterated 
food. The absence of any noticable reduction in NaCl food 
consumption does not imply that the chickens did not taste the 
food. Chickens will consume normal amounts of a flavoured food 
when a choice is not provided (Kare & Pick, 1960). It appears 
in the light of the previous two experiments that taste is not 
very im_portant when the food is dry. 
- It could be argued that that the paucity of saliva 
coupled with a 15 min feeding session minimized the chicks' 
opportunity to taste the NaCl. Hence the chicks would form 
a strong taste aversion under more propitious conditions. This 
avenue was explored by making the food wet . Hopefully this 
would enable the chicks to taste the NaCl during the 15 min 
training and test sessions. 
Method 
Forty-ei ght chickens were assigned .to three equally sized 
groups. One group was given wet mash (100 ml of tap water per 100 
g food) on the training day. The other two groups were given 
either 4.0% (8 g of NaCl per 100 ml of water per 100 g of food) or 
8. 0% (16 g of NaCl per 100 ml of water per 100 g of food) NaCl 
adulterated food. Half the animals in each group were injected 
with 0.7 M LiCl immediately after food removal and the other 
24. 
half were injected with an equal volume of physiological saline 
(1 ml per 100 g body weight). Th e training day food was presented 
again on the test day. 
Results 
Training and test day food consumption are presented 
,n Table 2. A two-way analysis of variance on training day · 
consumption revealed that the groups differed reliably on the 
basis of the amount of NaCl present in the food (£(2, 42) = 
24.21, £ < .01). Scheffe multiple comparisons showed that both the 
4.0% (£(1, 42) = 11.88, £ < .01) and the 8.0% (£_(1, 42) = 48.32, 
£ < .01). groups ate reliably less than the wet mash group. The 
... 
8.0% NaCl group also ate reliably less than the 4.0% group 
(£.(1, 42) = 12.27, £ < .01). It appears, then, that the chickens 
noticed the NaCl on the training day. No other significant 
differences were obtained in the 2 X 3 ANOVA; this was not 
surprising since the groups had not been injected with either 
LiCl or saline at this point ,n the experiment. 
A two-way analysis of variance of test day consumption 
yielded the same statistical decisions as the training day ANOVA. 
The three groups differed on the dimension of NaCl concentration 
(F(2, 42) = 10.62, £ < .01), but not on Li Cl versus saline 
(£_(1, 42) = 1.03, £ > .05), or on their interaction (£.(1, 42) = 
0.11, £ > .05). Scheffe multiple comparisons revealed that the 
chickens tested on 8.0% NaCl consumed reliably less than those 
tested on mash without NaCl (£.(1, 42) =- 21.03, £ < .01) and the 
group tested on 4.0% NaCl (£.(1, 42) = 7.11, £ :e .05). The latter 
two groups did not differ (£.(1, 42) = 3.68, £ > .05). 
25. 
Table 2 
Mean amounts in grams of NaCl (0.0%, 4.0%, or 8.0%) food consumed 
on the training and test days by chickens that were injected wi·th ei t her 
, . 
Li Cl or physiological saline on the training day. 
- NaCl Concentration 
0.0% 4.0% 8.0% 
Li Cl 7.14 5.00 3 .10 
Train 
Saline 6.41 4.91 3.11 
Li Cl 7.21 5.46 3.57 
Test 
Saline 7.42 6.34 4.31 
26 . 
The failure to obtain aversions to NaCl 1n wet food 
still leaves open the possibility that NaCl might have unique 
properties which prevent associations from occurring. Fo r 
example, rats consume NaCl in order to alleviate a salt need 
without any apparent learning (Rodgers, 1967). It is conceivable, 
then, that the salt taste does not enter as readily into arbitrary 
learning as do other tastes. Admittedly, aversions to NaCl have 
been obtained with rats (Revusky, Parker, Coombes, & Coombes, 
1976; Woods, Weisinger, & Wald, 1971). A second possibility is that 
I 
the decline in salt food intake obtained in the previous experiment 
is not due to taste; the high NaCl level may produce nausea 
which cuts down on food intake or creates thirst which interferes 
with ingestion . A combination of the above factors might somehow 
have influenced the chickens formation of taste aversions. 
Experiment 6, then, was concerned with whether chickens could 
develop a learned aversion to some other flavour. Saccharin was 
chosen because it can be tasted by chickens (Capretta & Moore, 
i970; Kare & Ficken, 1963), probably does not produce anorexia or 
nausea, and is unlikely to have a strong hard-wired function 
since it has no apparent biological significance. ' 
Method 
Eightybirds were maintained on wet mash from the time 
of hatching until the end of the experiment. They were divided 
equally among five groups and were given 0.0%, 4.0%, 6.0%, 8 .0%, 
or 10.0% saccharin flavoured (0.0, 8 .0, 12.0, 16.0, or 20 . 0 g of 
27. 
saccharin per 100 ml of tap water mixed with 100 g of food) wet 
mash on the training day during i.~1e 0900-0915 feeding sess 1 on. 
Half the animals in each group were injected with 1 ml per 
100 g body weight of 0.7 M Li Cl immediately after food removal. 
The remaining animals in each group were injected with an equal 
volume of physiological saline. Four days later, the test day, 
chicks were again given the food they received on the training 
day. 
Res u 1 ts 
The mean amounts of saccharin adulterated foods · that 
' 
were consumed on the training and test days are presented in 
Table 3. A two-way analysis of variance on training day consumption 
showed that the groups' food consumption differed along the 
dimension of flavour concentration (£(4, 70). = 3.90, _2_ < .01). 
Multiple comparisons revealed that chickens given 10.0% 
(£(1, 70) = 14.11, £ < .01), 8.0% (£(1, 70) = 8.36, _2_ < .01), 
6.0% (£(1, 70) = 6.46, _2_ <.01), and 4.0% (f(l, 70) = 4.93, £ ~ .05) 
saccharin flavoured food consumed reliably less than the group 
which was given wet mash without any saccharin (0.0% Group). 
Since at this time the groups had not been injected with LiCl 
or saline, the different injection procedures had no effect. 
Another 2 X 5 ANOVA on test day consumption yielded the 
same statistical decisions. The saline and LiCl groups did not 
show an overall difference (£(1, 70) = 1.54, _2_ > .05). Nor 
was there an interaction between the injection (LiCl or saline) 
and the concentration of saccharin flavour (£(4, 70) = 1.71, £ > .05). 
28 . 
There was, as on the training da y, a reliable difference on the 
basis of the amount of saccharin in food (£_(4, 70) = 12.00, Q < .01). 
_,. 
Scheffe multiple comparisons revealed the systematic effect 
of increasing· the saccharin concentration in the food. The 
10.0% group consumed reliably less than the 0;0% group 
(£.(1, 70) = 38.66, Q < .01), the 4.0% group (£.(1, 70) = 19.26, 
Q_ < .01), and the 6.0% group (£.(1, 70) = 7.34, Q < .01). The 
8.0% group consumed reliably less than the 0.0% group (£.(1, 70) = 
23.38, Q_ < .01) and the 4.0% group (£.(1, 70) = 9.04, £ < .01). 
The 6.0% group consumed reliably less than the 0.0% group 
(£_(1, 7.0) = 12.31, Q_ < .01). The lack of a noticable learned 
aversion to even 10.0% saccharin food makes it very unlikely 
that the weak taste of red dye med iated the visual aversion 
observed in the first three experiments. 
Nevertheless, there is some evidence, which does not 
meet conventional standards, that the chickens may have formed 
weak aversions to food flavoured with 8.0% and 10.0% saccharin. 
The pooled 8.0% and 10 . 0% saccharin LiCl groups (X = 2.61 g) 
ate reliably less than the pooled 8.0% and 10.0% saccharin 
saline groups (X = 3.87 g) on the test day (!(30) = 2.71, Q < .01). 
The pooled 8.0% and 10.0% saccharin LiCl groups (X = 2.45 g) 
did not eat reliably less than the pooled 8.0% and 10. 0ii 
saccharin groups (X = 2.94 g)on the training day ( t (30) = 1.02, 
Q_ > .05). Furthermore, the pooled 8.0% and 10.0% saccharin Li Cl 
group increased food consumption between the training and test 
day by an amount (X = 0.06 g) that was reliably less 
29. 
(!(30) = 2.58, £ < .05) than t~e 1mount of an increase shown by 
the pooled saline control group (X = 1.02 g). These findin gs 
suggest that chickens may be able to form weak , but real, 
flavoured food aversions under favourable conditions. Hence, 
chickens unlike mammals and some species of birds, do not 
readily associate flavoured food with sickness. It is very 
unlikely in the light of these findings that the taste of red 
dye in dry food influenced chickens 1 formation of visual 
aversions in the first three experiments. 
Table 3 
Mean amounts in grams of saccharin (0.0%, 4.0%, 6.0%, 8.0%, and 
10.0%) flavoured food consumed on both the training and test 
days by chickens that were injected with either LiCl or 
physiological saline on the training day. 
Li Cl 
Train 
Saline 
LiCl 
Test 
Saline 
0.0% 
4.78 
5.41 
6.74 
7.80 
Saccharin Concentration 
4.0% 
4.56 
2.50 
6.82 
5.03 
6.0% 
3.36 
3. 19 
4.23 
5.14 
8.0% 
2.75 
3.31 
2.84 
4.56 
10.0% 
2.15 
2.66 
2.17 
3. 1. 8 
30 . 
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Experi n1e nt 7 
The previous two exper iments used wet, rather than 
dry mash, in an attempt to improve each chicken's chance of 
tasting a novel flavour. All visual aversions had been obtained 
when dry rather than wet food had been used. So, the results 
of the previous experiments did not exclude the possibility that 
there was an interaction between wet mash and LiCl which 
prevented the chickens from forming robust taste aversions. 
The following experiment eli.minated this explanation 
by determining whether or not chickens formed visual aversions 
when the novel ' colour was in wet mash. One would expect 
difficul~y obtaining visual aversions if consumption of wet mash 
reduced the ease with which chicks formed aversions. 
Method 
Sixteen chickens were raised on beige wet mash 
throughout the experiment. They were given red wet mash on 
the training day during the 0900-0915 feeding session. Half 
the birds were injected with 0.7 M LiCl at 1 ml per 100 g 
body weight immediately after food removal. The other half 
were injected with an equal volume of physiological saline. 
Red wet mash was again given four days later, on the 
test day, during the 0900-0915 feeding session. 
Results 
The LiCl group (~ = 1.09 g) ate reliably le ss red 
wet mash than the saline (X = 6.67 g) on the test day (_1(14) = 
5.96, £ .01) thereby indicating that they had no difficulty 
forming a visual aversion when t h colour was 1n wet mash. 
These findings do not support th r notion that a wet mash-LiCl 
interaction caused poor flavoured food aversions. It appears 
that the chicks poor taste aversions reflect a difficulty they 
have in associating flavoured food with induced sickness. 
32 . 
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Experi mt: nt 8 
The exclusion of taste 1nediation as an -explanation 
of visual aversions permitted a return to the original question: 
Would chickens· associate visual characteristics of food with 
induced sickness when a delay of several hours intervened 
between the twoevents? In this experiment a novel texture cue 
was used in conjunction with a novel colour cue in an attempt 
to maximize the likelihood of obtaining an aversion when a long 
delay intervened. Subsequent experiments vaiied one dimension 
at a time and controlled for the non-specific effects of Li Cl. 
Method 
Ninety chickens were raised on dry beige food that 
had a fine texture throughout the experiment. All chickens were 
given access to red coarse food on the training day during 
the 0900-0915 feeding session. Eight chickens were injected 
with 0.7 M LiCl and two with an equal volume of physiological 
saline (1 ml per 100 g body weight) at delays of either 0, 
0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 8.0, or 10.0 h after food removal. 
Four days later the chickens were again given access to red 
coarse food during the 0900-0915 feeding session. 
Results 
Figure 5 includes the test day red coarse food ·consulllption 
of the animals injected with LiCl and the pooled saline control 
group. An analysis of variance revealed that the groups differed 
reliably on only the test day (£:.(9, 80) = 6.78, £ < .01). 
Scheff§ multiple comparisons revealed the systematic effects 
34. 
of delaying the injection of the Li Cl. All groups that had 
sickness delayed up to and includi ng 8 h (F 1 s(l, 80) > 4.00, Q'S < 0 . 
05) differed reliably from the saline control group. A test 
for linearity ~ver the groups which showed an aversion was 
also significant (!_(80) = 4.20, Q <.01) thereby indicating that 
the red coarse food aversion bec~me weaker as the time between 
red coarse food consumption and poisoning increased. Thus, chickens 
can associate a combined visual and texture cue with induced sickness 
with a delay of six to eight hours. 
35 . 
Figure 5 
Mean amounts of red coarse food consumed on the test day by 
the grou~s that were injected with LiCl after different delays. 
The Control group is the pooled data from chickens injected with 
physiological saline. Perpendicular lines represen t standard 
errors of the mean. 
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ExperimPnt 9 
The combined texture an rl visual cue aversion in the 
previous experiment might be attributable to the pharyngeal aspects 
of the texture · alone. This interpretation emerges as an explanation 
for three reasons: (1) Rats associate texture cues with induced 
sickness when a delay of at least 30 min intervenes (Garcia, 
Hankins, Robinson, & Vogt, 1972); (2) Pharyngeal stimuli are 
important in the regulation of food intake to at least one 
species of bird, the pigeon (Zeigler, 1_976); (3) Previous 
experiments have not shown whether or not animals can associate 
either a. texture cue alone or a visual cue alone with induced 
sickness over delays of several hours. It seemed essential, then, 
to determine whether or not chickens that were , raised on beige fine 
food could associate a novel red fine food or a novel beige coarse 
food with sickness over a delay of several hours. Long delay 
texture aversions and the absence of long delay colour aversions 
would suggest that birds use a pharyngeal cue rather than a 
visual cue when forming aversions over long delays. Such a 
finding would indicate that the similarity between chickens' and 
rats' use of food cues was closer than earlier experiments in 
this thesis indicated; chickens use texture and rats use gustatory 
cues as the pharyngea1 · sti111ulus. In this experiment I 
determined whether chickens could form aversions on the basis of 
visual cues alone or texture cues alone. 
Method 
One hundred chickens were maintained on dry beige food 
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throughout this experiment. 
Forty chicks were give r red fine food on the training 
day during the 0900-0915 feeding session. Eight chicks were 
injected with 0.7 M LiCl (1 ml per 100 g body weight)at delays of 
either 1, 4, 7, or 10 h after food removal. There were also two 
chicks injected with an equal volume of physiological saline at 
each of these intervals. 
The other 60 birds were allowed access to beige coarse 
food during the training day 0900-0915 feeding session. Eight chicks 
were injected with the dosage of LiCl reported above at delays of 
either 1, 3, 5, 7, 9, or 11 h after food removal. The remaining 
12 chicks were divided equally among the six delays and were 
injected with an equal volume of physiological saline. 
The food given the chicks on the training day was 
presented again four days later during the test day 0900-0915 
feeding session. 
Results 
As can be seen in Figure 6 chicks trained and tested on 
red fine food differed reliably on the test day (£_(4, 35) = 
5.17, _2_ <.01). Aversions to red fine food were displayed by 
chickens that were poisoned up to four hours after food removal 
as evidenced by the reliable difference between them and the 
7 h (F(l, 35) = 5.00, E < . 05) group and the pooled saline control 
- . 
(_E_(l, 35) = 6.05, £ .05) group. 
Groups that were trained and tested on beige coarse 
(see Figure 7) food also differed reliably on the test day 
38 . 
(£_(6, 53) = 3.69, Q < .01). Aver s ions were displayed by 
chickens that were poisoned up to and including 7 h; each of these 
groups ate reliably less than the pooled saline controls 
(£_1 s(l, 53) > i'.l.60., .2_ 1 s < .05). A test for linearity over the 
groups which showed an aversion was also significant (_1(53) = 
3.46, .2_ < .01) thereby indicating that the aversion became weaker 
as the delay between beige coarse consumption and sickness was 
increased on the training day . 
It appears that the delay gradient obtained in the 
previous experiment was probably due to a combination of a novel 
texture and a novel visual cue. Furthermore, the pharyngeal 
-cues provided by texture might be used by chickens in food 
aversion learning but they are not necessary for the formation of 
long delayed visual aversions. It is even possible that 
chickens associate texture cues with induced sickness over long 
delays with greater facility than colour cues. Such a claim 
is consistent with the above findings but was found to be incorrect 
in a later experiment where the colour cue was presented in 
unsieved crushed food rather than in finely textured food. 
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Figure 6 
Mean amounts of red fine food consumed on the test day by the groups 
that were injected with LiCl after different delays. The Control 
group is.Jhe pooled data from chickens injected with physiological 
saline. Perpendicular lines represent standard errors of the 
mean. 
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Figure 7 
Mean amounts of beige coarse food consumed on the test day by 
the groups that were injected with LiCl after different delays. 
The Control group is the pooled data from chickens that were 
injected with physiological saline. Perpendicular lines 
represent standard errors of the mean. 
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Experiment 10 
A sensitization explana ti on of long delay food aversions 
would be that chickens refused to eat red food on the test 
day because they were poisoned on the training day and not 
because of any contingency between red food consumption and 
sickness. Several of my earlier findings contradict this 
explanation: (1) The aversion was specific to the coloui used 
on the training day; (2) Aversions to specific foods were 
not formed when four or more hours intervened between food 
consumption and sickness; (3) Long delay learning was also 
obtained ~ith coarse food and this indicates that the formation 
.-
of aversions is not an effect that is peculiar to red food. 
These findings do not completely exclude sensitization 
as an explanation of -long delay visual aversions. One might 
still claim that poisoning chickens resulted in suppression 
of only red and only coarse food consumption. Furthermore, 
the absence of aversions when sickness was delayed might be 
attributed to some habituation process (e.g., Mitchell, 1978) . 
. Explanations which are based on these non-associative factors have 
been disproven when taste is the cue (Domjan, 1977; Revusky, 1977b; 
Revusky, et al., 1976), but a similar empirica l denonstration 
does not exist with visual cues. The following experiment 
removed this deficiency; chickens were given familiar 
beige food and were injected 1 or 10 h later with either LiCl 
or physiological saline. Four days later the LiCl and physiological 
saline groups were tested on either red coarse, beige coarse , or 
red fine food. Comparable food consumption in the LiCl and 
saline groups would eliminate non -associative explanations of 
delayed visual aversions. 
Method 
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Twenty-four chickens were given familiar beige fine food, 
the maintenance diet,on the training day during the 0900-0915 
feeding session. One hour after food removal, eight chickens were 
injected with 0.7 M LiCl at 1 ml per 100 g body weight and 
another four were injected with an equal volume of physiological 
saline. Ten hours after food removal eight more chickens were 
I 
injected with 0.7 M LiCl and the remaining four chickens were 
injectedrwith an equal volume of .physiological saline. All 
chickens were tested on red fine food during the 0900-0915 
feeding session on the test day. 
This procedure was repeated: Twenty-four chickens were 
trained as above and ·were tested on red coarse food; Another 
twenty-four chickens were trained as above and were tested on beige 
coarse food. 
Results 
The means of test day food consumption which are 
presented 1n Table 4 show that LiCl did not produce measurable 
non-specific effects on food consumption on the test day. 
Analyses of variance confirmed that sensitization was not 
present; groups tested on red fine (£.(2, 21) = 0.'33, .2_ > .05 ), 
red coarse (£.(2, 21) = 1.28, E_ > .05), and beige coarse 
(£.(2, 21) = 0.14, E_ > .05) food did not differ reliably on the 
test day. Apparently, animals dn not reduce consump tion of 
novel red coarse, red fine, or beige coarse food because 
they were poisoned four days earlier. It seems that aversio ns 
are only formed when a contingency between the visual cue 
and sickness exists. Thus, long delay visual averions, li ke 
taste aversions (Revusky, et al., 1976), cannot be explained 
through non-associative factors. 
43. 
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Table 4 
Mean amounts of red fine, red coarse, and beige coarse food 
consumed on the test day by chickens that were givfn -beige fine 
food on the training day and were injected with either LiCl 
or physio.:Jogical saline (Control-) after food removal. 
Test Day Food Control Time of LiCl Injection 
60 min 600 min 
Red Fine 1.33a 1.25 1.44 
Red Coarse 2.49 2.91 1.84 
Beige Coarse 2.01 2.07 2.30 
a. 1n grams 
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Ex p e r i 111 _ n t 11 
The one-trial learning over long delays which chickens 
show 1s comparable to the long delay aversions to taste found 
with rats. The following experiment continued to examine the 
parallel between the two species and also replicate;earlier 
findings in this thesis. 
Taste aversions which are formed do not extinquish 
readily (Garcia, Kimeldorf, & Koelling, 1955). It was expected 
1n the light of previous findings, that the colour aversions 
of chickens would not extinquish quickly. The strength of the 
red food aversion was measured by testing for the aversion on 
five occasions . In addition the red food that was used had 
a mixed texture and equal numbers of control and experimental 
animals were included at each of the injection delays. Hence, 
the followirig experiment extends the comparisons between 
chickens' use of visual cues and rats' use of taste cues 
while replicating important findings from earlier experiments. 
Method 
Eighty chickens were maintained on dry food that was 
beige in appearance. On the pretraining day 40 animals (Control) 
were given access to novel red food during the 0900-0915 
feeding session. The remaining 40 animals (Experimental) were 
given familiar beige food. The experimental group was given 
novel red food and the control group was given familiar beige 
food during the 0900-0915 feeding session on the the training 
day. Eight animals from each group were injected with 0.7 M LiCl 
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at 1 ml per 100 g body weight at either 0, 2, 4, 6, or 8 h 
after food remova 1 .- A 11 chicken s were tested on red food during 
the 0900-0915 feeding session on days 19, 20, 21, 22, and 23. 
Res u 1 ts 
Red and beig~ food consumption by experimental and 
control groups on the pretraining and training days are 
presented in Table 5. Two-way analyses of variance revealed that 
groups ate reliably less red food than beige food on both the 
pretrai,ning (£.(1, 70) = 87.73, Q < .01) and the training 
(£.(1, 70) = 131 . 03, Q_ < .01) days. It appears that another 
I 
simil~rity between chickens and rats may exist~ Chickens may 
show neophobia to foods with a novel colour like rats show 
neophobia to novel flavours (Domjan, 1977). These findings with 
chickens are only indicative of neophobia, however. It is 
also possible that chickens find red food inherently aversive 
and that this aversiveness results in lower red food consumption 
that does not change. No other differences were found on these 
two days and none wer~ expected because the groups did not differ 
on any other -dimension at this point in the experiment. 
Red food consumption on the five test days is presented 
1n Table 6. Two-way analyses of variance were en.rried out on 
red food consumption on each of the test days. The experi me ntal 
groups ate reliably less than the control groups on Test 1 
(£.(1, 70) = 92.04, Q_ < .01), Test 2 (£.(1, 70) = 36.23, Q_ < .01), 
Test 3 (£.(1, 70) = 43.10, Q_ < .01), Test 4 (£.(1, 70) = 31.47, 
Q_ < .01), and Test 5 (£.(1, 70) = 21.90, Q_ < .01). Hence, it 
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appears that chickens showed reli nble red food aversions 
over the five test days. Examin at ion of Table 6 reveals that 
the group which was injected with LiCl eight hours after red food 
removal showed an aversion on the first day whicb disappeared 
over repeated tests. It also seems that all other groups 
maintained their aversion over the five test trials. These 
observations were supported with indpendent two-tailed t-tests; 
groups that were poisoned six hours or less after red food 
consumption differed reliably from their respective control 
groups during each of the five tests (all 12_ 1 s < .05). In 
contrast., the group which was poi saned eight hours after red 
food removal on the training day differed reliably from its 
respective control group on the first test day (!_(14) = 4.68, 
, Q_ < .001) but did not differ from its control group on test 
days 2 (!_(14) = 1.47, Q_ > .05), 3 (!_(14) = 1.20, 12_ > .05), 
4 (!_(14)=0.43, .2_ >.05), or 5 (!_(14) = o ·.19, _e_ > .05 ). 
The effects observed in this experiment with chickens 
are similar to the effects observed in rats: -(1) Both species 
form a v er s i on s i n one tr i al ; ( 2 ) I n j e ct i on s p e r s e do not 
influence their test day consumption; (3) Both species form 
aversions over long delays; and (4) The aversions _do not 
extinquish quickly. 
The red food aversions seemed more powerful in this 
experiment than in earlier experi ments. This difference may 
have occurred because a food with a mixed texture was used in the 
present experiment. Previous experiments used food with a fine 
texture or switched from fine fo o~ to coarse food on both the 
training and test days. Fine fo c, d was not easy to consume and 
changing the texture disrupted consumption because minor 
adjustments in eating patterns had to be made. Consequently, 
chickens ate slightly less on both the training and test days 
in earlier experiments and the lower levels of food consumption 
may have resulted in aversions that seemed weak. 
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Table 5 
Mean amounts of red and beige food consumed by the experimental 
(Exp) and control animals. 
Day 
Pre-Train 
Train 
Group 
Exp 
Control 
Exp 
Control 
aConsumption 1n grams 
Food 
Beige 
Red 
Red 
Beige 
Delay of Injection 1n Hours 
0 2 4 6 8 
a 6.53 5.33 6.18 5.99 6.09 
4.09 2.93 2.51 2.93 2.46 
2.05 1.90 2.40 1.80 2.54 
6.51 5.60 6.44 5.54 5.73 -
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Table 6 
Mean amounts of red food consumed on the five test days by the 
experimental groups (Exp) and the control groups. 
Delay of Injection in Hours 
Test Group 0 2 4 6 8 
1 Exp 0.04a 0.04 0. 10 0.35 0.25 
Control 3.75 2.30 2.55 2.00 2. 69' 
I 2 Exp 0.06 0.00 0.38 0.35 0.78 
.. Control 2.31 2.41 2.24 2.48 2.39 
3 Exp 0.25 0.26 0.44 0.46 2.00 
Control 3.24 3.45 4.55 4.41 3.76 
4 Exp 0. 84 0.26 0.44 0.78 2.99 
Control 3.33 3.48 4.99 3.12 3.61 
5 Exp 1.00 0.43 0. 96 0.85 2.61 
Control 3.60 3.90 3.80 3.75 2.87 
ac . onsumpt1on 1n grams 
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General Dis cussion 
Chickens form long del ay colour and texture aversions 
and this extends earlier findings on delayed visual aversions 
(e.g., Braveman, 1975; Gaston, 1977; Wilcoxon, 1977). In 
chickens, the colour aversion is not mediated by taste: (1) Red 
food aversions are formed when the colour but not the taste 1s · 
novel ; (2) Taste aversions are not formed when there 1s no 
distinctive visual cue present. Nor are the delayed aversions 
attributable to the non-associative effects of LiCl: The red 
food aversions did not generalize to colours that were markedly 
different from red; Aversions were not formed when the colour-
sickness interval exceeded a certain length. Hence, the 
aversion to red food on the test day was due to learning. 
The discovery that chickens readily form visual, but 
not taste, aversions supports the notion that those cues 
' 
normally used by a particular species to select food can be 
associated with sickness (Rozin & Kalat, 1971). This contrasts 
with Garcia and Ervin's (1968) model which implies that taste 
is always the primary feeding cue. It could be argued, that 
for chickens, visual cues are eating-related and this enables 
' 
them to form long delay visual aversions. One could continue 
th i s 1 i n e of re as on i n g w i th the cl a i m. th at the i mp or tan c e of 
visual cues to internal consequences precludes the use of taste 
cues. Such an analysis is the converse of that proposed by 
Revusky (1971) to explain rats 1 formation of long delayed aversions 
to taste; for rats taste cues are eating-related and this reduces 
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the ease with which other stimul i are associated with sickness. 
It should be noted tha t an explanation 1n terms of 
what is eating-related is only useful when you know the 
relative importance of different food cues. Visual cues may not 
be eating-related for all birds and consequently some birds may 
not associate colour with induced sickness over delays. Birds 
which can associate several cues with physiological consequences 
may a·lso have difficulty forming visual aversions over delays. 
Such animals, may associate some stimulus, other than the visual 
cue, with delayed sickness because it is more salient or occurs 
closer in time tb sickness and these associations may interfere 
with the association of the visual cue with sickness. 
Strong visual avers1ons and poor taste aversions are 
incompatible with explanations of long delay learning which 
are based on the unique features of taste. It is wrong to 
attribute delayed learning to the slow onset and offset properties 
of taste relative to other stimuli (e.g., Krane & Wagner, 1975; 
Testa, 1974). These explanations imply that long-delay aversions 
would occur only with tastes, not with visual cues. Nor can one 
explain delayed learning by pointing to the uniqu~ temporal 
relationship between taste and food (e.g ., Testa & Ternes, 
1977). These explanations would predict that visual aversions 
and taste avers1ons would be comparable in strength. 
Similarly any explanation of delay learning 1n terms 
of mediation lacks generality. It is very unlikely that an 
aftertaste (e.g., Bitterman, 1975) could mediate a visual aversion 
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over a delay of eight hours when taste themselves were not 
associated with induced sickness. Nor could an arbitrary associative 
chain mediate the delay (Testa & Ternes, 1977). Taste 1s usually 
considered on~ of the steps in the chain. The absence of a taste 
aversion, then, is not consistent with a chaining interpretation. 
Either taste is not an important link in the associative chain 
or the animals form aversions over long delays in the absence of 
associative chains. The second possibility is the one applicable 
to rats; changes in post-ingestional consequences do not affect 
their formation of a taste aversion over a delay of six hours 
(Deutsc~, Davis, & Cap, 1976). 
The absence of apparent taste aversions 1n chickens is 
not easily explained in terms of the strength, the novelty, or 
the intrinsic properties of taste. The chickens showed that 
they taste the flavours by not eating much of the food that 
contained large amounts of saccharin or salt. Furthermore, 
saccharin and salt are so different that it is very unlikely · 
that some special property of either taste contributed to the 
absence of an aversion. In any case, data from rats indicate 
that the intrinsic properties of tastes are probably not 
very important. It is known that one cannot predi'ct the 
associability of tastes from their palatability (e.g., Kalat & 
Rozin, 1970). Furthermore, writers who have reported systematic 
effects after manipulating the intrinsic properties of taste 
(e.g., Brackbill, Rosenbush, & Brackbill, 1971; Green & 
Churchill, 1970) have not varied the intensities of the flavour. 
So, any effects which were obtainPd might just as easily 
be attributed to differences in i ntensity rather than to 
variations in the intrinsic properties of the taste. Support 
for the notion· that intensity is the important variable comes 
from data which show that comparable taste aversions can be 
obtained to both palatable and unpalatable flavours when 
intensities are appropriately manipulate::i (Braum & Rosenthal, 
1976). 
The powerful texture aversions contrast dramatically 
with the chickens• inability to use tastes. The chickens may 
I 
have used the pharyngeal and/or the visual aspects of the 
differently textured foods since they could probably see and 
feel the differences between coarse and fine food. 
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Pharyngeal stimuli are important at least to pigeons as 
evidenced by aphagia which occurs after the trigeminal nerve has 
bemcut (Zeigler, 1973, 1975) . The normal preening and water 
consump~ion indicates that they are capable of using their 
bills efficently. So the absence of food consumption might be 
partly, but not totally, blamed on a reduction in pecking 
efficency. Furthermore, one cannot easily attribute the pigeons• 
aphagia to ·reduced motivation becasue after the trigeminal nerve 
-
is cut, they continue to peck a key for food which they do not eat. 
It appears, then, that pharyngeal stimulation is so important to 
pigeons that they do not eat enough food to maintain themselves 
when pharyngeal stimuli are absent. 
These findings from pigeons cannot be construed as 
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proof that chickens use the phary geal aspects of food as 
cues. Comparable experiments have not been carried out on 
chickens. Furthermore, a sensory deficit may produce aphagia 
even though the particular sensory modality may not be used in 
food identification . Chickens which lose the sense of taste 
after a lingual nerve section are aphagic from 1 - 14 days after 
the operation. The absence of gustatory stimulation, like 
the absence of pharyngeal stimulation in pigeons, produces 
aphagia (Gentle, 1975). It is possible, then, that a trigeminal 
section would produce aphagia in the chicken even though the 
pharyngeal aspects of textured food are not associated with 
sickness . 
The above analysis indicates that both texture and 
visual cues will have to manipulated independently in the food 
aversion paradigm . Effects obtained with manipulations outside 
food aversion learning could lead to erroneous generalizations. 
Unfortunately, determining the relative importance of the 
visual and pharyngeal aspects of textured food with chickens 
1s difficult. They do not eat in the dark. Hence, any change 
1n pharyngeal aspects of the food is bound to be correlated with 
a change in the visual aspects of the food. 
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Appendix 1 
Raw Data from 
Experiments 1-11 
64 . 
65 . 
EXPERIMENT 1 
66 . 
Pte training Day 
Tested on Beige Food Tested on Red Food 
Sal 0.4 0.6 0.8 Sal 0.4 0.6 0.8 
2.55 · 3.65 2.29 2.71 l . 6 5 3.22 2. 14 l . 66 
2. 12 1.66 3.38 2.32 3. 02 - 2.58 3.65 2.89 
2.83 3.07 l . 36 2.34 2.20 l . 53 l . 98 3.03 
2. 15 2.54 2.60 3. 15 2.81 2.77 l . 09 3.05 
3.50 3.06 2. l l 3.44 2.07 2.25 l . 44 3.55 
3.39 3.35 2.42 3. 18 2.55 2.64 2.34 l . 81 
2. 18 l . 76 l . 7 8 3. l 9 3~86 2.94 l. 55 2.73 
l. 92 3.49 2.43 2.60 l . 37 2.37 2. 25 . l . 95 
x 2.58 2.82 2.30 2.87 2.44 2.54 2.06 2.58 
I 
so 0.60 0.76 0.59 0.43 0.80 0. 51 0.78 0.69 
SEX o .. 21 0 .27 0.21 0. 13 0.28 0. 18 0.28 0.24 
Training Day 
Tested on Beige Food Tested on Red Food 
Sal 0.4 0.6 0.8 Sal 0.4 0.6 0.8 
1.65 3.29 2.24 2. 15 0.92 4.23 2. 14 2.81 
1.54 2. 12 l . 60 2.78 3.28 2.45 4.7'5 3.89 
3.44 2.35 2.43 2.02 2.06 l . 7 6 2.25 3.24 
3. 18 2.83 2.37 2.68 2.22 2.00 l . 81 2~40 
4. 24 3.43 5.07 3. 82 4.03 2.03 3.02 3.96 
4.56 2.32 2 ·. 58 4.42 3.80 ' 2. 37 2.47 3.41 
4.38 2.21 0. 97 4.64 5. 12 - 3.34 2.09 l. 80 
4.27 3.58 l . 85 l . 27 2.20 3 .40 · 2.92 3. 31 
x 3.41 ,2.77 2.39 2.97 2.95 2.7 0 2. 68 3. l 0 
SD l . 21 0.59 l . 21 l . 21 l . 35 0. 86 0.93 0.73 
SEX 0.43 0.21 0.43 0.43 0.48 0. 31 0.33 0.26 
67. 
!'retest Day 
Tested on Beige Food Tested on Red Food 
Sa 1 0.4 0.6 0.8 Sal 0.4 0.6 0.8 
3.65 "4. 47 2.49 1 . 95 2.89 4.64 3.21 1 . 89 
3.51 3. 10 3.01 l . 89 4.58 3.00 3.68 3.84 
4.45 4.82 2.05 3.05 2.90 3.27 3.07 2.60 
5.02 4.35 1 . 87 3.85 4. 18 3.08 1 . 48 2.27 
4.80 4.82 5.27 4.74 6.32 4.53 3.20 4.39 
4.95 5.00 5.42 3.82 3.32 2 . 70 3.63 4.62 
4.66 2.72 2.56 3.82 5.66 3.33 3.35 1 . 81 
3.96 4. 70 5.21 2. 51 2.62 4.28 3.50 3.00 
x 4.38 4.25 3.49 3.20 4.06 3.60 3. 14 3.05 
' 
SD 0.59 0.86 1 . 54 1 . 02 1 . 38 0.76 0. 70 1 . 11 
SEX 0:-21 0.30 0.55 0.36 0.49 0.27 0.25 0.39 
Test Day 
Tested on Beige Food Tested on Red Food 
Sal 0.4 0.6 0.8 Sal 0.4 0.6 0.8 
5.01 4.00 2.96 2.96 3.67 4.47 2.67 l . 1 5 
2.68 3.07 2.24 2. 11 . 4. 53 2.25 2.97 2. 14 
3.64 3.62 1.76 2.70 2.70 1 . 86 1 . 51 1 . 37 
1. 43 3.46 3. 12 3.74 3.90 3. 13 l . 33 0.52 
3.99 3.82 3.57 2.65 5.60 3. 55 1 . 10 l . 29 
2.38 4.04 3.22 2.97 2. 51 1 . 61 2.43 1 . 99 
-
2.97 1 . 42 2.23 2.81 4.28 3.47 0. 30 0 . 36 
1 . 32 4.65 3.76 1 . 0 l 2.38 3.96 2. 15 2. 50 
X 2.93 -3. 51 2. 86 2. 61 3. 68 3. 03 1 . 81 7 . 41 
SD 7 • 26 0.96 0.70 0. 79 1 . 13 1 . 03 0 . 90 0.75 
SEX 0.45 0.34 0.25 0.28 0.40 0.36 0 . 32 0. 27 
68 . 
... EXPERIMENT 2 
69. 
Pre training Day 
Red Pink Blue Green Control 
3.75 2.54 3.76 2.69 l . 65 3.56 
3.32 l . 47 3.44 4.42 3.02 2.98 
2.87 2. 17 3.72 2.27 2.20 0~70 
1. 39 3.62 2.49 4.29 2. 81 l. 58 
2.25 l . 49 0. 51 l . 43 2.63 3. l l 
l . 32 2.61 l . 7 9 0.98 3.70 2.50 
2.66 2. 14 3.31 l . 52 2.34 0.54 
0.80 l.63 3.71 2.35 3.01 l.64 
x 2.30 2. 21 2.84 2.49 2.38 
SD l . 04 0.72 l ; 17 1 . 28 0.93 
' 
SEX 0.37 0.25 0.41 0.45 0.27 
Training Day 
Red Pink Blue Green Control 
4.45 l . 62 3.65 3.05 2.06 2.36 
3. 11 2.68 2.59 3.68 2.22 2.26 
2.95 1. 55 2.84 2.50 0.92 l . 64 
l. 33 3.48 2.83 l .·11 3.28 2.30 
0.84 l . 49 l . 22 l. 58 2.29 3.83 
1 . 88 2.61 l . 7 9 1 . 22 l . 64 l .-53 
l . 99 2. 14 2.27 2.76 - l . 89 l. 45 
0.30 l . 6 3 3.07 2.73 1 . 85 0.33 
X 2. 11 2. 1 5 2.53 2.40 l . 99 
SD l . 35 0.72 0.76 0.83 0.82 
SEX 0.48 0.25 0.27 0.29 0.24 
70. 
P1· _test Day 
Red Pink Blue Green Control 
5.08 4.84 4.64 3.82 5.04 4.58 
5.08 3.90 4.55 4 ._7 5 6.00 6.88 
4.84 3.07 2. 91 3.72 3.25 2.78 
3.97 4. 12 3.08 5.35 2.93 3.41 
3.27 l . 66 3.76 l. 58 3. 31 3.40 
3.46 2.25 l . 56 l . l 9 5. l l 3.34 
2.40 2.55 4. 19 2. l l 5.03 2.63 
0. 91 0.97 3.54 2.59 3.36 4.04 
X 3.63 2.92 3.53 3. 14 4.07 
SD l. 46 l . 31 l . 02 l . 51 1.24 
- ' SEX 0.52 0.46 0.36 0.53 0.36 
-
TestDay . l 
Red Pink Blue Green Control 
2. l l 0.00 0.22 3.24 3. 67 . 2.31 
l . 05 0. 78 4.99 2.60 4.53 l . 93 
0.00 0.00 3.30 4.43 2.70 l . 80 
l . 26 2.74 0. 29 . l . l 0 3.90 2.83 
0.00 0.00 2.33 2.63 3.79 3.68 
l . 6 7 2. 16 l . 01 l. 46 3.95 1.99 
0.78 l . 27 2.30 3.02 ' 3. 18 3. 14 
0. 00 l . 84 2.73 3.70 3.80 5.34 
-
X 0.86 l . l l 2. 15 2.77 3.28 
SD 0.81 l . 09 l . 62 l . l 0 0.99 
' 
SEX 0.29 0.39 0.57 0.39 0.29 
71. 
Te t Day 2 
Red Pink Blue Green Control 
3.08 0.03 0.00 
' 
l . 95 2 .. 71 3.49 
2.38 l . 02 5.26 4.32 l . 6 7 l . 94 
l . 30 0.00 2. 14 4.60 - 2.72 3.85 
0.33 3. 17 2.28 3.56 l . 50 3.64 
0.00 0.00 4. 76 l . 66 2.46 2.30 
3.77 2.47 3.44 2.06 3.23 l . 82 
2.24 3.07 4.02 2.46 4.58 3.71 
0.00 0.00 3.40 3. 91 4. 23 2.40 
x l.64 l . 22 3. 16 3.00 2.89 
SD l . 45 l . 45 l . 68 . l . 26 0.95 
I 
SEX 0. 51 0. 51 0.59 0.46 0.27 
... 
72 . 
EXPERIMENT 3 
73. 
Pretraining Day Training Day 
RL vJL Control RL WL Control 
1.66 2.99 1 . 7 5 4. 10 3.98 3 :81 
· 3. 26 0.40 2. 16 2. 18 2.02 2.08 
1 . 07 1.69 2.45 0.96 2.56 1 . 72 
1. 86 1. 50 0.95 l. 84 2.84 1. 47 
2. 81 0.95 0.66 3.99 2.80 0.85 
4.58 2.48 l . 61 4.05 3.31 l . 66 
3.56 2.58 0.69 2.25 2.93 1. 36 
3.69 l.70 2.85 3.78 3.53 2.96 
y 2.81 1 . 7 9 1 . 64 2.89 3.00 l . 99 
SD l . 19 0.86 0.82 1 . 23 0.60 0.95 
I· SEX . 0 ._42 0.30 0.29 0.43 0.21 0.34 
-
Pretest Day Test Day 
RL WL Control RL t~L Control 
3.82 l. 46 3.05 4. 18 0.55 2.47 
2.57 l.93 3.30 1. 17 0.36 4.24 
0.97 2.22 l . 59 3.20 l. 46 4.25 
2. 14 2.44 l . 89 1. 78 l . 70 3.23 
3.75 3.20 l . 2 9 4.01 3.22 2.35 
3.63 l . 99 2.09 4.30 1 . 96 3.08 
2.46 2.44 2.46 2.89 2.25 3.28 
4.67 2.85 l . 60 4.97 l . 25 l . 98 
x 3.00 , 2.32 2. 16 3.39 l . 5 9 3. 11 
SD l . 18 0.55 0.72 l . 39 0.92 0. 84 
SEY 0.42 0. 19 0.25 0.49 0.33 0.30 
74 . 
EXPERIMENT 4 
.. 
]' 
75. 
Pre 1-ra in i ng Day 
7. 4% NaCl l l . 0% Na Cl 19.0% NaCl Control 
l . 65 3.30 3.42 2.45 2.99 
1. 85 3.50 2.02 2.35 2.32 
2.82 2.60 l.64 3.51 l.90 
l . 85 l .50 2.09 2.53 2.96 
3.08 2.87 4.26 2. 14 -3.30 
3.44 2. l l 2.97 2.54 0.68 
l . 86 2. 51 2.23 
l. 38 2.08 3.38 
-
X 2.24 2.56 2.75 2.48 
SD 0.76 0.89 0.89 0.83 
I· 
' 
SEX 0.27 0.23 0.32 0.24 
' 
-
Training Day 
7.4% NaCl 71.0% NaCl 79.0% NaCl Control 
2.06 l . 27 l . l 6 l . 7 4 2.04 
l . 82 2.04 l. 42 l . l 2 2.58 
l . 13 0.04 2.78 7.69 0. 78 
2.07 1 . 17 0.64 0.68 2.99 
3.07 2.65 3. 13 2. 51 3.49 
2.38 l . 69 2.84 0.07 2.45 
l. 94 2.63 3.23 
l . 64 1 . 41 4.55 
-X 2.01 l . 61 2.47 2.35 
SD 0.54 0.86 l . 30 l . 97 
-SEX 0. 19 0.30 0.40 0.57 
76. 
Pretest Day 
7.4% NaCl 11.0% Na Cl 19. 0% NaCl Control 
2.42 2.04 1 . 71 0.00 4.57 
2. 11 2.73 0.05 1 . 32 2.68 
1 . 41 0.25 1 . 48 3.68 2.32 
1 . 31 0.65 1 . 36 1 . 55 4.44 
3. 18 2. 18 2.51 2. 01 4.39 
3. 18 2.86 4. 29 1 . 81 5.50 
1 . 17 3.65 3.61 
2.03 4.34 4.49 
-X 2. 10 2.33 2.44 2.86 
so 0.79 1 . 39 1 . 57 1 . 66 
' I 
l· SEX 0.28 0.49 0.56 0.48 
.. 
Test Day 
7.4% NaCl ll.0% NaCl 19.0% NaCl Contra 1 
1.78 1 . 77 1 . 31 0.74 1 . 1 0 
2. 12 2. 31 0.38 l . 59 1 . 48 
1 . 37 1. 08 1 . 45 4.24 0.42 
1 . 1 1 1 . 10 l . 3 2 l . 46 2.34 
2.44 l . 95 2.65 l. 54 6. 41 
2.82 l . 86 3.50 0.90 5.43 
l . 40 3.87 3.39 
l . 1 3 l. 98 3. 17 
-
X 1 . 7 7 1. 99 2 .1 5 2.30 
SD 0.63 0.87 l . 18 l . 97 
SEX 0.22 0. 31 0.42 0.57 
77 . 
EXPERIMENT 5 
78. 
Pre training Day 
Experimental Control 
0.0% 4.0% 8.0% 0.0% 4.0% 8.0% 
7.77 5.69 4.85 7.63 6.95 10.50 
8.46 8.85 8.62 7.55 13.20 6.00 
7.96 6.50 4. 24 . 4. 86 · 9.75 7.98 
7.85 9. 18 7.06 4.85 7.03 7.31 
7.77 10.01 5.68 6.65 2.45 2.95 
7. 12 7.29 7. 31 7.91 5.36 10.36 
7.77 4.82 7.05 9. 18 10. 42 7.77 
7.88 6. 15 3.93 7.42 10.84 7.28 
-
X 7.82 7.31 6.09 7.01 8.25 7.52 
, . 
SD 0.37 l . 85 l . 67 l . 50 3.45 2. 41 
-SEX 0. 13 0.65 0.59 0.53 1 . 21 0.85 
Training Day 
Experimental Control 
0.0% 4.0% 8.0% 0.0% 4.0% 8.0% 
6.76 3.05 2.52 6.94 5.08 4 ~ 51 
8.07 5. 12 3.65 6.32 8.64 2.44 
5.58 4.33 2.27 7.62 3. 70 6. 01 
4.71 7.92 4.04 7.05 4.88 . 1 . 89 
7.66 6.41 3.03 5.57 2.73 1 . 65 
6.89 5.78 3.83 4. 20 - 3.83 4.02 
8.85 3.27 2. 79 8.79 5.52 1 . 14 
8 .63 4. 12 2.68 4. 82 4.90 3. 21 
-X 7. 14 5.00 3. 10 6.41 4.91 3. 11 
SD 1 . 46 l . 65 0.66 1 . 51 l . 76 1 . 65 
SEX . 0.52 0.58 0.23 0.53 0.62 0.58 
79. 
Pretest Day 
Experimental Control 
0.0% 4.0% 8.0% 0.0% 4.0% 8.0% 
6. 12 7. 19 7.20 7.27 7.77 12.69 
7.46 6.37 6.66 7.87 11 . 93 8.81 
8.44 6.67 7.96 9.84 9.27 l O. 65 
4.59 8. 12 4.07 6.66 8.30 9. 19 
5.85 10.08 6.62 5.90 ?..89 2.80 
7. 18 7.50 8.84 8. 51 5.77 7.57 
6.66 7.74 5.82 11 . 7 3 10.45 6.48 
9.34 5.34 6.51 6.24 10.24 4.38 
X 6.96 7.38 6. 71 8.00 8.33 7.82 
I· SD l . 50 l . 40 1 . 42 l. 98 2.89 3.24 
SEX .. 0.53 0.49 0.50 0.70 1 . 02 l . 1 5 
Test Day 
Experimental Control 
0.0% 4.0% 8.0% 0. O~la 4.0% 8.0% 
6.24 9.50 5.76 7.50 6.56 6.78 
7.66 5.58 3.96 5.69 9.28 2.08 
8. 30 6.07 2.61 11 . 27 8. 26 8.72 
6:46 5.95 2.70 5.57 5.76 5.80 
5.91 5.04 2.23 6 .. 60 2.54 1 . 7 6 
7. 12 4.86 5. l 5 4.85 - 3.93 2. 12 
7.97 3.48 4.93 l 1 . 1 6 9.21 3.01 
I 7. 98 3.23 1.24 ·6. 7 3 5. 18 4.22 
I -X 7.21 5.46 3.57 7.42 6.34 4. 31 
' 
SD 0. 91 l . 94 l . 61 2.48 2.47 2.56 
-SEX 0.32 0. 69 0.57 0.88 0.87 0 . 91 
80 . 
EXPERIMENT 6 
.. 
81. 
Pretraining Day 
Experimental 
0.0% 4.0% 6.0% 8.0% 10.0% 
4. 51 4.50 3.36 4.02 3.46 
3. 18 4.81 3.41 3.30 4.49 
4.93 l . 57 4.37 6.64 4.01 
2.00 3.27 3.61 · 5.40 6.24 
7.98 6.85 2.73 3.22 4.68 
3.64 7.04 4.30 4.28 3.02 
7.83 2.52 2. 15 5.71 5.44 
4.46 5.30 2.54 4.00 7.78 
X 5 07 4.48 3. 31 4.57 4.89 
j, SD -2.01 1 . 95 0.80 l . 22 1 . 56 
-
SEX - 0.71 0.69 0.28 0.43 0.55 
Control 
0.0% 4.0% 6.0% 8.0% l O. 0% 
5.41 2.66 l O. 16 5.73 9.00 
2.50 7.02 2.80 9.71 2.50 
7.05 5.65 2.58 1 . 90 4.73 
5.67 5.53 2.35 6.37 11 . 21 
3.45 1 . 13 4.76 7.47 2. 00 · 
I 5.27 8.24 2. 10 6.72 2.09 
1· 3.60 3.01 4.50 3.41 4. 12 
6.02 5.36 5.03 - 6. 33 6.59 
X 4.87 4.83 4.29 5.96 5.28 
SD 1 . 53 2.37 2.65 2. 40 3.40 
' 
SEX 0.54 0.84 0.94 0.85 l . 20 
82. 
Training Day 
Experimental 
0.0% 4.0% 6.0% 8.0% 10.0% 
6.38 3.56 3.90 3.67 l . 58 
3. l 0 9.74 2.70 2.97 3.58 
3.99 2.50 8.51 3.27 1 . 1 7 
2. 10 2.79 l . 49 3.99 3.21 
9.92 2.81 2.59 1. 30 2.83 
l.69 6.34 3. 15 1 . 22 1 . 70 
7.42 3.80 2.90 3.99 1 . 07 
3.61 4.91 1 . 60 l . 57 2.08 
-X 4. 78 4.56 3.36 2.75 2. 15 
I· SD 2.87 2.45 2.23 l . 20 0.95 
.. 
SEX l . 0 l 0.87 0.79 0.42 0.34 
Control 
0.0% 4.0% 6.0% 8.0% 10.0% 
5.48 2.59 7.73 2.92 2.87 
3. l 0 3.89 0.78 6. 15 0.81 
4.36 l . 95 1 . 22 l . 7 0 2.03 
4.83 3.29 2.89 4.21 6.03 
4.53 l . 07 2.39 3.75 0.44 
7. 1 9 2.76 2.26 ' l. 99 l . 83 
2. 81 1 . 7 3 3.33 - 0. 79 2.75 
10.97 2.69 4.90 4.99 4.54 
X 5.41 2.50 3. 19 3.31 2.66 
' 
SD 2.63 0.90 2.23 l. 80 l . 87 
SEX 0.93 0.32 0.79 0.66 0.66 
83. 
Pretest Day 
Experimental 
0.0% 4.0% 6. O~G 8.0% 10.0% 
6.98 6.63 3.22 4.96 4. 18 
l l . l 9 9.29 3.60 3.44 7.52 
9.23 6.92 6.71 4. 51 5. 81 
6.02 6. 21 6.03 4.30 8.08 
l l . l 3 7.07 5.46 8.39 5.55 
11.28 8.67 8.26 5.93 5.64 
l . 87 4.77 -2.68 8.71 4. 78 
7.88 3.26 l . 90 6.30 7.94 
X 6.63 6.60 4.73 5.82 6. l 9 
SD 2.57 l . 9 5 2.22 l . 91 l . 48 
-
.. 
SEX 0. 91 0.69 0.84 0.72 0.52 
Control 
0.0% 4.0% 6.0% 8.0% 10.0% 
6.53 8. 91 12. 12 4.70 5.56 
6.56 6.99 l . 66 5.84 4.60 
5.38 4.90 4.06 4.11 3.56 
8.33 6.03 3.40 6.45 7.06 
6.94 6.44 3. 1 9 7.99 2.02 
J· 
7.55 7.70 4.56 6.05 3.64 
3.99 5 .12 4.76 ' 3.77 3.54 
6.59 6. 18 7.76 3.64 7. 1 5 
-
X 6.48 6.53 5. 19 5.32 4.64 
SD l . 32 l . 32 3.30 l . 53 l . 82 
SEX 0.47 0.47 l . 1 7 0.54 0.64 
84 . 
Test Day 
Experimental 
0.0% 4.0% 6.0% 8.0% 10.0% 
4.77 9.30 4.77 2.86 0.00 
4.33 11 . 42 3.28 3.35 4.57 
5.91 4.38 6. 73 2.69 2. 10 
3.95 3.99 6.52 ' 3.80 3.40 
11 . 64 9.21 3.28 2. 15 l.49 
6.02 7.24 3.24 1 . l 5 3. l 2 
9.71 3.99 4.09 5.02 1 . l 2 
7.60 5.03 l . 91 1 . 7 6 l . 58 
-X 6,74 6.82 4.23 2.84 , 2. l 7 
SD 2.73 2.89 l . 69 l . 2 2 1. 45 
SEX .. 0.97 l . 02 0.60 0.43 0. 51 
Control 
0.0% 4.0% 6.0% 8.0% 10.0% 
7.60 4.83 10.93 6.90 4.28 
7.07 6.59 l . 33 6.91 l . 78 
' 
l O. 12 3.57 3.96 2. 80 2.22 
8.94 5.02 3.40 4.33 4. 72 
7. 14 3.02 3.04 4.86 2.69 
10.80 9. 07 5.24 4.00 2.82 
3.75 3.82 5.71 - 2. 81 2.99 
7.00 4.28 7.48 3.85 3.96 
-X 7.80 5.03 5. 14 . 4. 56 3. 18 
' SD 2.20 1 . 96 2.99 l . 61 l . 03 
-SEX 0.78 0. 69 1 . 06 0.57 0.36 
85 . 
EXPERIMENT 7 
86. 
Pretraining Day Training Day 
Experimental Control Experimental Control 
7.80 4. 78 3.71 2.97 
8:54 3.44 3.40 0.94 
-
3.97 7.03 2. 13 5.39 
9.40 6.51 10.02 5.86 
7.84 9.23 6.42 3.28 
5.66 3.03 4.51 5.46 
6.31 3.92 4.63 2.55 
7. 17 5.34 0.95 2.29 
X 7.09 5. 41 4.47 3.60 
SD l . 7 3 2.09 2.78 l . 7 8 
SEX 0.61 0.73 0.98 0.63 
... 
Pretest Day Test Day 
Experimental Control Experimental Control 
6.67 l O. 91 l . 16 7.86 
7.48 4.96 0.00 3.56 
4. 21 6. 19 0.00 7.75 
10.43 8. 16 2.83 8.03 
9.32 10.07 l . 88 7.83 
5.63 6.69 ,2. 82 9.56 
7.73 4. 79 (}.00 3.08 
13. 66 6.28 0.00 5 .GB 
I X 8. 19 7.26 l. 09 6.67 
I . SD 3.00 2.26 l. 28 2.32 
' 
SEX l. 06 0.80 0.45 0.82 
87 . 
. EXPERIMENT 8 
Pretraining Day 
t 
Con t rol 0 30 60 120 
0.70 0.61 0.87 1 . 03 l . 18 0.71 
0.66 0 .43 l . 61 0.55 l. 00 1. 80 
l . 15 0.52 0.74 0.80 1 . 66 l . 22 
0.93 2.28 1.00 1 . 05 0.98 l.67 
0.75 l . 37 0.73 l . 72 l . 26 l . 21 
0. 45 l . 22 1. 44 1. 05 0.41 0.70 
0. 17 l . 57 0.57 0.48 l.66 · 0. 53 
0.00 l. 48 l . 4 J 0.88 0.56 1. 40 
l. 83 0.54 
-X 0 . 93 1 . l l 0.95 l . 09 1. 15 
SD 0 . 60 0.43 0. 41 0.46 0.47 
SEX 0 . la 0. 16 0. 16 0. 17 0. 18 
180 240 360 
l . 04 l . 01 2.03 
l . 55 1.26 2.02 
0.74 1 . 66 1.20 
1 . 51 0.84 l . 90 
0.55 0.69 1 . 33 
0. 83 l . 45 2.42 
1. 46 0.77 0.72 
1 . 38 1 . 91 l. 24 
l . 1 3 l. 20 1. 54 
0.39 0.45 0.56 
0. 15 0. 17 0.20 
480 
2.42 
0.93 
0.57 
l . 06 
2.01 
l. 23 
2. 18 
l . 04 
l. 43 
0.68 
I 0.24 
600 
2.01 
1 . 91 
0.98 
0.77 
1 . 0 l 
2.70 
l . 89 
1 . 43 
1 . 56 
0.69 
0.2 4 
OJ 
OJ 
Control 0 30 
0.92 1 . 31 0.64 0. 11 
1 . 35 1 . 55 0. 51 2.59 
1. 99 1 . 44 0.60 0. 16 
0.05 0.00 1 . 2 9 1 . 31 
0.60 0.21 0.71 0.00 
0.93 1 . 7 3 1 . 15 1 . 7 5 
1 . 07 2. 16 0.99 1 . 2 3 
0.27 3.07 1 . 44 0.00 
2. 17 1 . 5 7 
x 1 . 24 0.92 0.89 
SD 0. 83 0.35 0. 97 
-SEX 0.29 0. 12 0.34 
Training Day 
' . 
60 120 180 
0.64 1 . 22 1 . 00 
1 . 84 1 . 48 0.54 
0.04 1 . 88 1 . 33 
1 . 35 1 . 7 5 0.72 
0.38 0.53 . 1 . 28 
1 . 92 0.97 0.61 
2. 01 .1 . 97 0.30 
1. 38 0.00 1 . 7 6 
1 . 20 1.23 0.94 
0.75 0.69 0.49 
0.27 0.24 0. 17 
240 360 
0.59 1 . 84 
0.92 1 . 7 6 
1 . 25 1 . 46 
0. 79 2.96 
0. 91 1 . 49 
0.00 2.67 
0.64 1 . 1 7 
1.38 2.01 
0.81 1.92 
0.43 0.61 
0. 15 0.22 
480 
2.03 
3.05 
2. 10 
1 . 97 
0. 13 
2.60 
2.69 
2.49 
1 . 83 
0.88 
I 0 • 31 
600 
0.20 
2.32 
1 . 52 
0.03 
2.44 
0.98 
0. 00 
2. 13 
l'.20 
1 . 04 
0.37 
OJ 
\..0 
. 
Control 0 30 60 
0.33 2.96 0.85 1 . 70 0.45 
1. 28 2.76 0.42 0. 81 1. 07 
l. 38 2. 16 1 . 60 0.59 0.40 
0.61 1 . 97 1 . 32 0.97 1 . 1 3 
l . 03 l ~ 73 0.67 0.69 1.52 
l . 45 0.43 0.79 2.44 1. 36 
0.41 1 . 56 0.94 1 . 13 l . 84 
l . l 3 2. 21 l . 26 0.87 0.78 
3. 1 5 l . 22 
X 1. 54 0.98 l . l 5 1. 07 
SD 0.86 0.38 0.62 0. 51 
SEX 0.20 0. 13 0.22 0. 18 
-----------
Pretest ,Day 
' 
120 180 240 
1. 46 0.72 1 . 50 
2. 14 1 . 66 2.43 
1 . 08 l . 26 1. 67 
l . 53 2.31 0.83 
1 . 82 1 . 16 l . 35 
0.66 1 . 54 0.98 
1.22 1.36 0.79 
0.82 0.59 1 . 66 
l . 34 l . 3 3 l . 40 
0.50 0.54 0.55 
0. 18 0. 19 0.19 
360 480 
1 . 38 1. 36 
1 . 62 1 . 77 
2. 13 1 . 57 
1 . 42 2.76 
1.36 3. 18 
- 1 . 70 1.29 
l . 37 0.60 
l . 84 l . 50 
l. 60 l . 7 5 
0.27 0.83 
0 a 10 I 0. 29 
600 
2.36 
0.72 
1 . 2 9 
1 . 00 
1. 60 
2 . 01 
2.21 
2.03 
1. 65 
0.60 
0.21 
I..O 
0 
Control 0 30 60 120 
, 
1 . 60 1. 85 0.00 0.00 0.03 0.49 
2.51 0.54 0.00 0.00 0.77 1 . 1 2 
2. 60 3.26 0.25 0.00 0.00 1. 98 
1. 85 0.00 0.32 0.67 0.00 0.35 
3.75 1 . 50 0.00 0.00 0.00 0.41 
3.22 0.40 0.00 0.00 0.00 0.57 
0.39 2.57 0.00 0.58 0. 18 0.72 
2.69 2.77 0.00 0.00 0.00 0.00 
2.87 2.40 
X 2.04 0.07 0. 16 0. 12 0.71 
SD l . 11 0. 13 0.29 0.27 0. 61 
SEX 0.26 0.05 0. l 0 0. 10 0.22 
Test Day 
' 
180 240 360 
0.00 0.48 0.38 
0. 13 1.69 1. 7 3 
0.85 0. 10 0.98 
0.87 1 . 23 2. 18 
1.36 1 . 1 0 0.22 
0.40 0.00 1.68 
0.43 0.00 2.08 
1. 25 2.87 1 . 06 
0.66 0.93 1.29 
0.50 1 . 00 0. 7 4 
0. 18 0.35 0.26 
480 
4.04 
0. 51 
0. 19 
1 . 20 
0. 96 -
0.37 
1 . 02 
2.56 
1 . 31 
1 . 36 
0.48 
600 
0.00 
2.22 
1. 30 
1.79 
2.01 
0.00 
2.38 
3.34 
1.63 
l . 16 
0. 41 
I..O . 
........ 
92 . 
EXPERIMENT 9 
.. 
9 3. 
Pre training Day 
Control 60 240 420 600 
0.86 l . 71 l. 78 l. 64 l . 61 
l : 14 l . 02 l . 11 l. 87 l . l 7 
l . 09 l . 03 l . 07 l . 56 0 .. 90 
l . 05 0.04 0.00 0.77 l . 05 
l. 42 l . 63 0. l l 3.98 l . 48 
2.38 0.19 0.95 3.42 2.78 
l . l 3 2. 13 l . l 7 3. 16 3.33 
2.59 l . 85 l . 43 0.88 2. l 7 
x l . 46 l . 20 0.61 2. 16 l . 81 
SD 0.65 0.77 0.95 1.20 0.87 
' SEX 0.23 0.27 0.34 0.42 0.31 
.. 
Training Day 
Control 60 240 420 600 
0.57 l . 0 l 0.56 l. 49 0.98 
l . 85 0.69 0. 11 1.24 0.86 
0.66 l . 08 0.48 0.68 0.98 
l . 48 0. 14 0.34 0.79 0.52 
0.57 0.71 0.01 0.41 0. 11 
0. 21 l . 08 l . 14 · o.79 l . l 9 
0.61 l. 90 0.87 0.26 0.75 
0. 76 l . 82 0.65 1.35 0.95 
x Or84 l . 05 0.52 0. 88 0. 79 
SD 0.54 0. 58 0.38 0.44 0.34 
SIT 0. 19 0. 21 0. 13 0. 16 0. 12 
94. 
Pretest Day 
Control 60 240 420 600 
l . 45 0. 73 2.40 2.41 l . 7 5 
2:48 l . 29 l . 7 0 l. 74 l. 34 
l . 91 . l. 86 l . 87 l. 68 l . 28 
2.76 l . 22 0.00 0. 91 l . 06 
0.57 2.75 0.30 2.48 2.08 
l . l 7 2.21 2.22 3. 16 l . 95 
l . 44 2.22 1.73 1.78 2.72 
l . 45 2.09 2. l 2 0.59 l. 32 
-X l . 65 l. 80 l . 54 l . 84 l.69 
SD 0.71 0.66 0.90 0.84 0.55 
I 0.23 0.32 0.30 0. 19 I· SEX 0.25 
.. 
Test Day 
Control 60 240 420· 600 . 
0.79 l . 02 l . 32 0. 73 l . 44 
2.35 0.33 0.00 l . 27 0.95 
0.50 0.00 0.27 l . 27 0.88 
l . 00 0. 31 l . 26 0.94 0.27 
0.73 0.00 0.04 l . 00 0.80 
l . 31 0.45 0.48 , l . 29 l . 42 
l . 19 0. 20 0.87 G. 95 0.97 
l. 20 0. l 0 0.20 0.91 l . 63 
I X l . l l 0.30 0.56 l. 06 l. 05 
I SD 0.60 0.33 0.53 0.21 0.44 
' 
-SEX 0.21 0. 12 0. 19 0.07 0. 16 
95 . 
Prc1:raining Day 
Control 60 180 3'00 420 540 660 
1.33 l. 37 0.79 2. 51 l. 05 l • 52 0.73 2. 13 
0.86 0.97 l . 32 l . 84 l . 93 l . 35 l . 13 0.71 
l. 83 l . 61 2. 18 2.66 l . 87 2.29 0.57 l . 35 
2.33 0.58 1 . 84 1 . 26 2.43 l. 87 1 . 33 2.50 
1.03 0.86 l . 03 l . 40 l . 56 l . 04 2.52 0.84 
l. 06 l. 53 l . 35 2.40 2.09 0.79 0.79 0.78 
1.23 l . 82 l . l 6 l . 44 l . 40 0.34 
1 . 37 0.84 0.29 l . 20 l . 41 l . 30 
X l . 28 l . 39 l . 72 l . 55 l . 44 l . 31 l . 24 
SD 0.43 0.44 0.62 0.69 0.47 0.58 0.74 
I 
-
SEX 0. 12 0. 16 0.22 ·0.24 0.17 0.21 0.26 
.. 
Training ·Day 
Control 60 180 300 420 540 660 
l . 92 0.73 0.79 1.67 l . 06 0.89 · 0. 72 · 0. 68 
0 .02 0.98 0.24 0.20 0.85 0.79 0.69 0.06 
l. 03 l . 6 3 1 . 30 l . 34 0.40 l. 02 o .. 06 0.90 
l. 46 1.20 0.39 0.78 0.72 0.92 0.25 l . 05 
0.27 l . 32 l . 7 4 l . 90 l . 44 0.48 l. 84 0.27 
0.80 2.04 1.72 2.08 l . 14 0.33 0.08 0. 15 
0. 12 0.81 0.90 0. 2Z 2.44 0.28 
0.78 0.63 0.71 0.59 0.64 0.41 
X 1. 12 0.89 1 . 0 l 0.90 0.66 0. 84 0.48 
' 
SD 0.61 0.64 0.57 0.32 0.29 0.86 0.36 
SEX 0. 18 0.23 0.20 0. 11 0. l 0 0.30 0 .13 
96. 
P r r~ t es t Day 
Control 60 l RO 300 420 540 660 
1.59 1 . 28 0.44 0.57 1.33 1 . 34 1 . 5 7 0.90 
1 . 66. · 1 . 89 1 . 3 5 1 . 06 1 . 69 0.97 2.00 0.. 78 
0.00 0.97 0.87 1 . 1 3 3 .. 10 0.98 1. 04 1. 48 
2. 11 2.37 1 . 84 1 . 14 1. 22 1 . 28 0.96 1 . 44 
0.95 1 . 56 0.63 1 . 6 7 1 . 52 1 . 2 6 2. 19 1 . 7 6 
2. 17 1 . 84 0.77 1 . 95 2.45 1 . 81 1 . 39 1.65 
1. 76 1 . 01 2.04 2. 10 2.58 1 . 85 
0.44 0.90 0. 78 1. 31 2. 19 1 . 87 
X 1 . 53 1 . 01 1 . 18 1 . 7 7 1 . 38 1.74 1. 47 
SD 0.66 0.57 0.44 0.74 . 0. 39 0.59 0.42 
SEX 0. 19 0.20 0. 16 0.26 0. 14 0.21 0. 15 
.. 
Test Day 
Control 60 180 300 420 540 660 
0. 78 3.04 0.00 0.00 0.35 l . 1 7 1 . 1 7 0. 19 
0.46 0.92 0.00 0.00 0.00 0.97 0.00 0.00 
0.99 l . 35 0.53 0.00 0.36 0.44 0.58 l . 78 
0.79 0.46 0.00 0.22 0.60 0.00 0.00 l. 66 
1.64 2.36 0.32 0.42 0.00 0. 18 2.87 0~48 
l . 12 0.75 0.38 0. 16 0.56 0.00 0.44 l . 2 5 
l . 1 5 0. 12 0.58 l . 0 7 - 0.54 0.79 
0.00 0. 11 0.66 0.98 2.39 0. 7 4 
-
X l . 22 0.30 0. 13 0 . 39 0.60 l. 00 0.86 
SD 0.78 0.40 0. 14 0.26 0.50 1.08 0.65 
' 
SEX 0.23 0. 14 0.05 0.09 0. 18 0. 38 0.23 
97. 
EXPERIMENT 10 
l . 
98 . 
Pre i·ra i ni ng Day 
Red Coarse Be ige Coarse Red Fine 
Control 30 600 Control 30 600 Control 30 600 
2.38 3.61 2. 17 0.57 0.81 0. 51 0.45 0.42 0.98 
4.49 3.32 2.01 0.54 1 . 57 2.24 1 . 14 1 . 85 1 . 46 
3.32 2.71 3.01 0.90 2.85 1 . 3 5 0.48 4.00 1.70 
1 . 7 7 2. 14 2.57 1 . 12 1. 27 1 . 32 0.80 2.57 0. 13 
1 . 05 2.27 1 . 61 0.25 0.40 0.7-8 1 . 1 9 1 . 1 3 1 . 70 
1 . 59 2.22 2.67 0.70 1 . 1 7 0.06 0.80 1 . 18 1 . 14 
3. 7 5 2. 17 2.45 1 . 71 1 . 95 0.44 1.60 0.58 0.83 
3. 15 1 . 66 2. 11 1 . 30 0.32 1.70 0.97 1 . 76 1. 26 
X 2.69 2 •, 51 2.33 0.89 1 . 2 9 1 . 05 0.93 1 . 6 9 1 . 1 5 
I 
I· SD 1 . 18 0.66 0.44 0.47 0.84 0.73 0.38 1 . 17 0.52 
SEX o :zi2 0.23 0. 15 0. 17 0.30 0.26 0. 13 0 .,41 0. 18 
Training Day 
Red Coarse Beige Coarse Red Fine 
Control 30 600 Control 30 600 Control 30 600 
2. 31 3.28 l . 7 6 0.76 2.55 l . 7 5 l . 58 1 . 14 l . 81 
0.84 2.66 1 . 7 5 0. l 0 l . 34 · l . 87 1. 95 1 . 0 l 2. 15 
2.01 2. 17 0.88 3. l 7 1 . 35 2.32 0.35 0.99 1 . 59 
1.54 2.44 2.09 1.74 1 . 1 7 1 . 26 l . 14 0.61 0.56 
1. 06 1 . 90 1 . 95 0.48 0.00 1 . 85 1 . 08 1. 70 1 . 89 
0.94 1.69 3. 17 0.89 l . 00 0.98 - 0. 79 1 . 1 1 0. 61 
3. 11 3. 15 2.96 2·. 20 0.70 0.81 2.27 0.89 0.74 
2.95 1. 59 2. 14 1 . l 7 1 . 50 1.34 1 . 00 2.37 l . 7 7 
X 1. 85 2.36 2.09 1 . 31 1 . 20 1 . 52 1 . 27 1.23 1 . 39 
' 
so 0.89 0.64 0.72 1. 00 0.73 0.51 0.63 0.55 0.64 
SEX 0.32 0.23 0.25 0.38 0.28 0. 19 0.22 0. 19 0.23 
99. 
Pretest Day 
Red Coarse Be i ge Coarse Red Fine 
Control 30 600 Control 30 600 Control 30 600 
1 . 94 2.52 2.53 0.98 2.76 2.21 1. 39 2.19 2.36 
1 . 48 0.80 1. 54 0.80 1 . 23 1 . 1 5 2.26 1 . 21 2.27 
1 . 81 1 . 1 2 0. 7 9 4.28 1.74 1 . 41 1 . 17 1 . 31 1 . 85 
1. 7 3 0.59 1. 83 2.05 1 . 30 1 . 42 0.01 0.60 0.88 
l . 22 2.33 0. 18 2. 19 l . 95 1 . 29 1. 83 1 . 85 1 . 08 
1 . 57 1 . 56 2. 7 4 0.00 0.90 1 . 14 l . 04 l . 05 1. 37 
3.61 1 . 88 2.46 1 . 86 1 . 28 1 . 46 2. l 5 0.83 1 . 29 
1. 85 2.02 2.20 1.56 0.62 0.90 1 . 30 1 . 61 l . 92 
-X l . 90 1 . 60 1.78 1 . 72 1 . 4 7 l. 38 l . 49 l . 33 1 . 63 
SD 0~73 0.71 0.90 1 . 27 0.67 0.38 0.72 0.53 0.55 
~ 
SEX 0.26 0.25 0.32 0.45 0.24 0. 13 0.25 0. 19 0. 19 
Test Day 
Red Coarse Beige Coarse Red -Fine 
Control 30 600 Control 30 600 Control 30 600 
4.36 4.66 4.03 I 0.75 2.95 2.86 0.80 1 . 03 1 . 1 0 
2. 16 3.94 2.64 0.45 0.00 0.00 0.84 0.97 2.30 
3.67 3.07 3. 16 2.54 0.72 2.33 1 . 12 l . 33 l . 35 
3.54 2.69 2.62 2.38 1.68 2.71 l . 71 l. 09 0.88 
l . 7 9 0.45 0.00 2.29 3. l 7 l . 95 0.74 1 . 24 1 . 33 
2. 12 3.66 0. 28, 2.99 l . 16 l . 81 1.69 1.24 1 . 1 7 
1. 48 l . 53 0.97 2.43 2.91 2.99 2. 17 1 . 08 l . 20 
0.87 3.24 0.98 2.28 3.95 3.71 l. 60 2.02 2.20 
X 2.49 2.91 1 . 84 2. 01 2.07 2.30 1 . 33 l . 2 5 l. 44 , 
SD 1 . 22 1 . 35 l . 4 7 0.90 1 . 38 1 . l 1 0.53 0.33 0.52 
SEX 0.43 0.48 0.52 0.32 0.49 0.39 0. 19 0. 12 0. 18 
100 . 
EXPERIMENT 11 
I . 
101. 
Pretrain ing Day 
Experimenta l Groups (delay in minutes) 
0 120 240 360 480 
5. 1 - 3.8 7.5 _ 5.0 4.9 
7.2 3.5 4.2 5.0 . 8. 6 
6.7 5.8 6.0 6.0 5.9 
6.5 5.9 6.6 7.9 7.6 
7.4 4.4 7.0 6.9 5.2 
7. 1 7.2 6.2 6.4 6.3 
7.7 5.8 5. 1 6.0 6.0 
4.5 6.2 .6. 8 4.7 4.2 
11 
X 6 ." 53 5.33 6. 18 5.99 6.09 
SD l . 1 4 1 . 29 l . 08 1 . 09 l . 44 
... 
SEX 0.43 0.49 0.40 0. 41 0.54 
Pretraining Day 
Control Groups (delay in minutes) 
0 120 . 240 360 480 
2.8 5.5 l . 5 4.2 0.2 
5.9 3.3 3.9 1 . 3 l . 7 
I 6.0 l . 2 0.4 3.0 4.8 
]· 0.2 l . 8 3.0 2.4 0.8 
3.4 1 . 8 4. l 0.9 2.8 
5 . F3 2 . /j ?. . 1 3.3 3. l 
2.7 2.8 /j . 7 5.2 l. 1 
~.6 4.6 0.4 3. l 5.2 
-
X 3.80 2.93 2.51 2.93 2. 46 
SD 2.02 l . 48 l . 67 l . 41 l . 84 
SEX 0.76 0.56 0.63 0.53 0. 70 
102. 
Training Day 
Experiment? l Groups (delay in minutes) 
0 120 240 360 480 
2.4 l . 0 4.0 4.7 2.4 
l . 3 l . 4 2.7 1 . 5 2.4 
2.3 2.4 1 . 2 2.4 2.8 
2.3 3. 1 1 . 8 0.6 7.3 
2.8 1 . 1 l . 8 0.9 1 . 4 
2. 1 1.4 1 . 4 1 . 8 l . 1 
0.8 l . 3 l . 7 l . 0 2. 2 . 
2.4 3.5 4.6 1 . 5 0.7 
X 2 .· 05 l . 90 2.40 l . 80 2.54 
l1 SD 0.66 0.97 1 . 2 6 l . 30 2.06 
.. 
SEX 0.25 0.37 0.47 0.49 0. 77 
Training Day 
Control Groups (delay in minutes) 
0 120 240 360 480 
7.5 7.3 8.9 6.7 7.0 
7.4 6.8 4.6 5.6 7.0 
8. 1 3.0 6.6 8.3 7.9 
4.8 5.8 5.2 l ·. 3 6.5 
4.9 3.7 7.4 5. 1 3.2 
5.2 6.3 5.6 5.5 5.0 
5.3 5.9 6. l -5. 1 4.5 
~.9 6.0 7. l 6.7 4.7 
-X 6. 51 5.60 6.44 5.54 5.73 
SD 1 . 63 1 . 49 l . 37 2.02 l . 61 
-SEX 0.61 0.53 0.52 0.76 0.60 
103. 
Pretest Day 
Experi men t a ·1 Groups (delay in minutes) 
0 120 240 360 480 
7. 5 · 3.0 10.0 9.4 ·8.o 
10.5 7.4 8.9 9.5 10.5 
7. l 8.3 6.3 6.6 7. l 
7. l 8. l 5.9 9.3 9.8 
7.2 6.7 7.8 7.6 6.3 
l l . 2 9.0 8. l 6·. 2 6.2 
8.5 9.6 7.5 10.6 ·10. 5 
6.4 9.2 9.2 7.9 8.7 
I X 8.· 19 7.66 7.96 8.39 8.39 
l· SD 1 . 7 5 2. 11 l . 41 l . 5 5 l.77 
.. 
-SEX 0.66 0.80 0.53 0.58 0.67 
Pretest Day 
Control Groups (delay in minutes) 
0 120 240 360 480 
7.4 9.4 10.8 10.3 10.2 
8.6 6.9 7.8 6. 1 9.6 
10.5 5.9 8. l 8.8 9.4 
6.9 7.4 9.6 9.0 8.0 
8.4 6.5 8.9 5.9 8.7 
6.3 8.0 8.8 8.0 7.8 
7.8 6. l 9.5 7.5 5.9 
6.9 7.0 10.6 9. l 7.6 
-
X 7.85 7. l 5 9.26 8.09 8.40 
SD l . 33 l . 14 l. 08 l . 53 l . 37 
SEX 0.50 0.43 0. 41 0.58 0.52 
104 . 
Test Day l 
Experimenta l Groups (delay in minutes) 
0 120 240 360 480 
0.3 0.3 0.8 2.8 0.8 
0.0 0.0 0.0 0.0 l . 2 
0. 0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0 .. 0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
X O.Q3 0.04 0. l 0 0.35 0.25 
I 
,. 
SD 0. 10 0. l 0 0.28 0.99 0.48 
- p 
SEX 0.04 0.04 0. l l 0.37 0. 17 
Test Day 2 
Contra l Group (delay in minutes) 
0 120 240 360 480 
4.6 4.3 3.8 5.9 l . 7 
6.0 2.2 2.8 0.5 2.7 
6.4 3.3 l . l 4.4 4.9 
l . 4 2.0 2.4 l . 5 3. 3 
3.7 l . 7 3.7 1. 4 4. l 
2.0 2. l 1 . 9 ' 2. l 2. l 
4. l l . 2 3.8 0.4 0.5 
l . 8 l . 6 0.9 0.0 2.2 
X 3. 7 5 2.30 2.55 2.03 2.69 
SD l. 90 l . 0 l l. 18 2.08 l . 39 
-SEX 0.72 0.38 0.45 0.79 0.52 
-105. 
Test Day 2 
Experimental Groups (delay in minutes) 
0 120 240 360 480 
0.0 0.0 0.0 - 2.8 l . 2 
0.0 0.0 0.6 0.0 4.4 
0.0 0.0 2.4 0.0 0.0 
0.2 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0. l 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.3 0.0 0.0 0.0 0.5 
-X 0.'06 0.0 0.38 0.35 0.89 
SD 0. 19 0 .0 0.84 0.99 l . 52 
.. 
SEX 0.08 0.0 0.32 0.37 0.57 
Test Day 2 
Control Group (delay in minutes) 
0 120 240 360 480 
3.3 1 . 7 5.3 4.2 3.7 
1 . 1 2.5 3.6 2.3 3.3 
3.5 4.2 0.0 6.0 6.9 
l . 9 2.2 1 . 4 3.2 0.5 
4.3 l . 0 4.8 3. l 0.5 
0.4 2.9 0.0 0. l 2. l 
3. 9 0.0 0.3 0.3 0.0 
0. l 4.8 2.5 0.6 2.2 
-X 2. 31 2. 41 2.24 2.48 2.40 
SD l.65 1 . 58 2. l 5 2 . 08 2.26 
-SEX 0.62 0.60 0.81 0.79 0.85 
106. 
Test Day 3 
Experimental Groups (delay in minutes) 
0 120 240 360 480 
0.0 0.3 2.9 3.4 3.2 
0.0 0.6 0.6 0.0 7. 7 
0. 1 0.0 0.0 0.0 0.0 
0. 1 0.0 0.0 0.0 1 . 9 
0.0 1 . 2 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0. 1 
0.9 0.0 0.0 0.0 0.0 
0.9 0.0 0.0 0.0 3. 1 
X 0. 25 · 0.26 0.44 0.43 2.00 
SD 0.40 0.44 1.02 1 . 20 2.69 
.. 
SEX 0. 15 0. 17 0.39 0.45 1 . 02 
Test Day 3 
Control Group (delay in minutes) 
0 120 240 360 480 
1 . 4 0.0 5.6 8. 1 8.0 
4. 1 4.7 4.8 1 . 3 2.6 
4.0 5.2 4.8 8.3 8.6 
4.5 4.3 5.3 4.5 0.0 
5.4 l . 2 6.2 4 ._3 2.0 
2.6 6.7 1 . 9 7.6 5.2 
3. 9 0.0 0.0 l . 2 1 . 4 
I 0. 0 ._ I 5.5 7.8 0.0 2.3 
' 
-X 3.24 3.45 4.55 4.41 3.76 
SD 1.78 2.65 2.47 3.35 3. 16 
SEX 0.67 1. 00 0.93 l. 2 7 l . 1 9 
107. 
Test Day 4 
Experimental Groups (delays in minutes) 
0 120 240 360 480 
0.0 l. 0 2.0 4.2 4.4 
0.0 l . 1 l .-s 0.0 7.6 
l . 6 0.0 0.0 0.0 0.0 
2 . 5 0.0 0.0 0. l 6.0 
0.0 0.0 0.0 2.0 l . l 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
2.6 0.0 0.0 0.0 4.8 
x 0.84 0.26 0.44 0.79 2.99 
SD l . l 9 0.49 0.82 l . 54 3.07 
.. 
-SEX 0.45 0. 19 0.31 0.58 l . 16 
Test Day 4 
Control Group (delay in minutes) 
0 120 240 360 480 
5.8 3.0 10.3 6.5 7.8 
3.4 4.7 7.2 2.5 5.3 
2.7 5. 1 2.8 2.0 6.7 
2.7 2.7 4.0 5.4 2.7 
5.7 2.8 6. l 3.4 l . 3 
2.2 3.8 l . 6 2.5 3.7 
4. l 0.0 0. 0 0.9 l . 0 
Q.O 5.7 7.9 l . 8 0.4 
-X 3.33 3.48 4. 99 3. l 3 3. 61 
SD l . 91 l . 80 3.48 l . 90 2. 76 
SEX 0.72 0. 68 l . 32 0.72 l. 04 
108 . 
Test Day 5 
Experimental Groups (delay in minutes) 
0 120 240 . 360 480 
1 . 0 0.3 6.0 4.6 2.0 
0. 1 1 . 2 1 . 5 0.0 10. 1 
1 . 2 0.7 0.0 0.0 0.8 
3.0 0.0 0. O· 0.0 2.6 
1 . 1 1 . 2 0.0 0.8 l . 4 
0.0 0.0 0.0 0.0 0. l 
0.6 0.0 0.2 0.0 0.0 
l . 0 0.0 0.0 l . 4 3.9 
X l .' 00 0~43 0. 96 0.85 2.61 
SD 0.93 0. 54 2. l 0 · 1 . 60 3.29 
... 
SEX 0.35 0. 20 0.79 0.60 l . 24 
Test Day 5 
Control Group (delay in minutes) 
0 120 240 360 480 
5.5 0.8 5. 0 · 6.4 5.0 
l . 8 5.4 6. l 2.0 4.3 
1 . 9 5. l 0.0 7.9 6. l 
4. 1 4.5 7.2 5.5 l . 4 
6. 1 3.3 7.2 5.8 1 . 4 
5.5 5.5 4.9 - 2. 4 2.6 
3.7 0.0 0.0 0.0 0. 8 
I 0.0 6.7 0.0 0.0 l . 4 
I 
' 
X 3.58 3. 91 3.80 3.75 2.88 
SD 2. 1 7 2.38 3.26 3.04 l . 99 
SEX 0.82 0.90 1.23 l . l 5 0.75 
Appendix 2 
Data Analyses for 
Experiments 1-11 
109. 
110. 
I· 
.. EXPERIMENT 1 
111. 
TA GL E 1 
Analyses of variance of food co ns umption on the pretraining, training, 
pretest, and test days f or animals tested on beige food 
Source 
Treatment 
Error 
Total 
• Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Sum of 
Squares · df 
1 . 65 
l O. 41 
12.06 
4.33 
33. 19 
37.52 
7.86 
31.58 
39.44 
3.43 
5.56 
8.99 
PRETRAINING DAY 
3 
28 
TRAINING DAY 
3 
28 
PRETEST DAY 
3 
28 
TEST DAY 
3 
28 
Mean 
Square 
0.55 
0.37 
1 . 44 
l . 1 9 
2.62 
1 . 1 3 
1 . 14 
0. 91 
F 
l. 48 
1 . 22 
2.32 
1 . 25 
112 . 
TA nL E 2 
Analyses of variance of food cons umption on the pretraining, training, 
pretest, and test days fo r animals tested on red food 
Source 
Treatment 
Error 
Total 
... 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
**Q < 0 . 01 
Sum of 
Squares df 
1 . 39 
13.84 
15. 23 
1 . 01 
27.82 
28.83 
5. 18 
29.37 
34.55 
26.99 
26.06 
53.05 
PRETRAINING DAY 
3 
28 
TRAINING DAY 
3 
28 
PRETEST DAY 
3 
28 
TEST DAY 
3 
28 
_ Mean 
Square 
0.46 
0.49 
0.34 
0.99 
1 • 7 3 
l . 05 
9.00 
, 0. 93 
F 
0.93 
0.34 
1 . 65 
9.67** 
113 . 
TABLE 3 
Scheff§ multip le comparisons _of test day red food consumption 
.. 
Sa 1 
0.4 
0.6 
*12. < 0.05 
**12. < 0.01 
0.8 
22.16** 
11.28** 
0.69 
0.6 
15.04** 
6.40* 
0.4 
1. 82 
114 . 
.. 
EXPERIMENT 2 
115. 
TA f3L E 4 
Analyses of variance of food co ns umption on the pretraining, training, 
pretest, test 1 and test ? days for the animals injected 
Source 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
with physiological saline 
Sum of 
Squares df 
PRETRAINING DAY 
2.02 
11 . 00 
13.02 
0.35 
9.83 
l O. 18 
2.82 
20.22 
23.04 
5.26 
8.33 
13.59 
6. 13 
8.54 
14.67 
TRAINING DAY 
PRETEST DAY 
TEST DAY 1 
TEST DAY 2 
3 
12 
3 
12 
3 
12 
3 
12 
3 
l 2 
Mean 
Square 
0.67 
0.92 
0. 12 
0.82 
0.94 
1.68 
1 . 7 5 
0.69 
2.04 
0.71 
F 
0.73 
0. 14 
0.56 
2.52 
2.87 
116. 
TA BL E 5 
Analyses of variance of food cons umption on the pretraining, training, 
pretest, test l and test 2 days for the groups trained on red food 
and tested on red, pink, b ue and green food. The combined 
control group is also included. 
Source 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
**£ < 0.01 
... 
Sum of 
Squares df 
l . 97 
45.34 
47.31 
2.01 
35.45 
37.46 
8.87 
73.07 
81.94 
45.22 
54.31 
99.53 
26.98 
73.78 
100.76 
PRETRAINING DAY 
4 
43 
TRAINING DAY 
4 
43 
PRETEST DAY 
4 
43 
TEST DAY l 
TEST DAY ·2 
4 
43 
4 
43 
Mean 
Square 
0.49 
l . 05 
0.50 
0.82 
2.22 
l . 70 
11 . 31 
1 . 26 
6. 7 4 
l . 72 
F 
0.47 
0.61 
l . 30 
8.95** 
3.93** 
11 7. 
TABLE 6 
Scheffe multiple comparisons of food consumption on test day 1 
Control 
Green 
Blue 
Pink 
.. 
*£ < 0.05 
**£ < 0.01 
Red 
23.31** 
12.20** 
5.28* 
0.20 
Pink 
18.27** 
8.75** 
3.43 
Blue 
' 4.86* 
1 . 22 
Green 
0.99 
l· 
118 . 
TABLE 7 
Scheffe multiple comparisons of food consumption on test day 2 
Control 
Green · 
.. 
Blue 
Pink 
*£ < 0.05 
**£ < 0.01 
Red 
4.36* 
4.30* 
5.37* 
0. 41 
Pink .Blue Green 
7.78** 0.20 0.03 
7.37** 0.06 
8.75** 
119 . 
EXPERIMENT 3 
120 . 
TABLE 8 
T-tests on the two physiological saline control groups 
Pretraining day t ( 6 )" = 0.38, Q > 0.05 
-
Training day t (6) = 0.58, Q > 0.05 
.. 
Pretest day t (6) = 1 . 21 , Q > 0.05 
Test day t ( 6) = 1 . 66, Q > 0.05 
I· 
121 . 
TA nl.E 9 
Analyses of variance of food consumption on the pretraining, training, 
pretest and test l days for he animals that were trained and 
. tested on red food un der either red or white light 
Source 
Treatment 
Error 
Total 
.. 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
**.12. < 0.01 
Sum of 
Squares df 
PRETRAINING DAY 
6.52 
19.95 
26.47 
4.92 
19.52 
20.44 
3.21 
15. 51 
18.72 
19. 94 
24.36 
39.30 
2 
21 
TRAINING DAY 
2 
21 
PRETEST DAY 
2 
21 
TEST DAY 
2 
21 
- Me an 
Square 
3.26 
0.95 
2. 46 . 
0.93 
l . 61 
0.74 
7.47 
l . 16 
3.43 
2.65 
2. 17 
·6. 44** 
l 
122 . 
TABLE 10 
Scheff§ multiple compirisons of red food consumption of ani mals 
trained and tested either under White Light (WL) or 
*.2. < 0.05 
**B. < 0.01 
Control 
WL 
Red L-i ght ( RL_) 
RL 
0.27 
l l . 17** 
WL · 
7.97* 
123 . 
EXPERIMENT 4 
j, 
124. 
TAB L~ 11 
Analyses of variance of food cons umption on the pretraining, training, 
pretest and test days for t he animals that were injected with 
physiological saline 
Source 
Treatment 
Error 
Total 
.. 
Treatment 
Error 
Tota 1 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Sum of 
Squares df 
PRETRAINING DAY 
0.50 
5.46 
5.96 
2.08 
40.63 
42.71 
12. 80 
17.02 
29.82 
12.00 
30.28 
42.28 
TRAINING DAY 
PRETEST DAY 
TEST DAY 
2 
9 
2 
9 
2 
9 
2 
9 
Mean 
Square 
0.25 
0.61 
1 . 04 
4. 51 
6.40 
1 . 89 
6.00 
-3.36 
F 
0.42 
0.23 
3.38 
1 . 78 
f 
125. 
TAB LE 12 
Analyses of variance of food co ns umption on the pretraining, training, 
pretest and test days for the gr ups trained on either 7.4%, 11 .. 0%, or 
19.0% NaCl and injected with LiCl. Analysis also includes the 
combined control group. 
Source 
Treatment 
Error 
Total 
... 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
[rror 
Tota.l 
Sum of 
Squares df 
PRETRAINING DAY 
l . 07 
18.84 
l 9. 91 
3. 7 4 
61.68 
65.42 
3.02 
65.03 
68.05 
1 . 47 
60·. 09 
61 . 55 
3 
32 
TRAINING DAY 
3 
32 
PRETEST DAY 
3 
32 
TEST DAY 
3 
32 
Mean 
Square 
0.36 
0.59 
1 . 25 
l . 93 
1 . 01 
2.03 
_0.49 
l . 88 
F 
0.61 
0.65 
0.50 
0.26 
126 . 
EXPERIMENT 5 
.. 
12 7. 
TAB LE 13 
Two-way analyses of variance of consumption on the pretraining, training, 
pretest and test days 
Source 
Drug 
Taste 
Drug X Taste 
l~i thin 
Total 
Drug 
Taste 
Drug X 
Within 
Total 
Drug 
Taste 
Drug X 
Within 
Total 
Drug 
Taste 
.. 
Taste 
Taste 
Drug X Taste 
~~;thin 
Total 
**£ < 0. 01 
Sum of 
Squares df 
PRETRAINING DAY 
3.23 
7.75 
11 . 0 5 
184. 11 
206. 14 
TRAINING 
0.88 
107.97 
l . 29 
93.80 
203.94 
l 
2 
2 
42 
DAY 
1 
2 
2 
42 
PRETEST DAY 
12.90 
2.82 
0.05 
202.98 
218.75 
4.47 
91 . 7 3 
0.97 
181 . 60 
278.77 
TEST DAY 
l 
2 
2 
42 
1 
2 
2 
42 
Mean 
Square 
3.23 
3.88 
5.53 
4.38 
0.88 
53.99 
0.65 
2.23 
12.90 
l . 41 
0.03 
4.83 
4.47 
45:87 
0.119 
4.32 
F 
0. 74 
0.89 
1 . 2 6 
0.39 
24.21** 
0.29 
2.67 
0.29 
0. 01 
1 . 03 
10.62** 
0. 11 
128. 
TABLE 14 
Scheff§ multiple comparisons of food consumption on the training day. 
Food was adulterated with different amounts of NaCl. 
.. 8.0% 
**Q < 0.01 
4.0% 
ll.88** 
12.27** 
8.0% 
48.32** 
129 . 
TABLE 15 
Scheffe multiple comparisons of food consumption on the test day. 
The food was adulterated with different amounts of NaCl. 
*12. < 0. 05 
**12. < 0.01 
0.0% 
8.0% 
4.0% 
3 . 68 
7. l l * 
8.0% 
21 .03** 
130 . 
EXPERIMENT 6 
.. 
l 
131. 
TAB LE 16 
Two-way analyses of variance of food consumption on the pretraining, 
training, pretest, and test d~ys from animals that were trained 
on different concent rations of saccharin food 
. Source 
Drug 
Taste 
Drug X 
Within 
Total 
Drug 
Taste 
Drug X 
Within 
Total 
Drug 
Taste 
Drug X 
Within 
Total 
Dru g 
Taste 
Taste 
.. 
Taste 
Taste 
Drug X Taste 
Within 
Total 
**.2. < 0. 0 l 
Sum of 
Squares df 
PRETRAINING DAY 
6.72 l 
21 .46 4 
5.98 4 
313. 15 70 
347.31 
TRAINING DAY 
0.21 
63.96 
20.79 
286.65 
371 . 61 
1 . 63 
28.59 
8.97 
174.51 
213.70 
6.70 
209.29 
29.77 
304.86 
550.62 
1 
'1 
4 
70 
PRETEST DAY 
TEST DAY 
1 
4 
4 
70 
1 
4 
4 
70 
Mean 
Square 
6.72 
5.37 
l . 50 
4.47 
0.21 
75_9g 
5.20 
4. l 0 
1 . 63 
7. 15 
2.24 
2.49 
-
6.70 
52.32 
7.44 
4.36 
F 
1 . 50 
1. 20 
0;34 
0.05 
3.90** 
1 . 27 
0.65 
2.87 
0.90 
l. 54 
12. 00** 
l . 71 
132 . 
TABLE 17 
Scheffe multiple comparisons of training day food consump tion. 
Animals were given food that was adulterated with different 
amounts of saccharin. 
10.0% 
8.0% 
6.8% 
4.0% 
*12_ < 0.05 
**12_ < 0.01 
0.0% 
14. 11 ** 
8.36** 
6.46* 
4.93* 
4.0% 
2.45 
0.49 
0. 12 
6.0% 
l . 44 
0. 11 
8.0% 
0.75 
133 . 
TABLE 18 
Scheffe multip le comparisons of food consumption on the test day. 
The food was adulterated with different amounts of saccharin 
10.0% 
8.0% 
6.Q% 
4.0% 
**Q < 0.01 
0.0% 
38.66** 
23.38** 
1 2. 31 ** 
3.34 
4.0% 
19.26** 
9.04** 
2.82 
6. O~s 
7.34** 
f.76 
8.0% 
1 . 91 
134 . 
EXPERIMENT 7 
135 . 
T,l\BLE 18a 
T-tests between the experimental and control group 
Pretraining day !. (14) = l . 7 4, Q_ > 0.05 
.Training day !. (14) = l . 97 , Q_ > 0.05 
Pretest day !. (14) = 2.10, Q_ > 0.05 
Test day t ( 14) = 6.44, Q_ < 0.05 
136 . 
EXPERIMENT 8 
I· 
137 . 
TAB l E 19 
Analyses of variance on the pre t aining, training, pretest and test 
days food consumption of ani 111als injected with either LiCl or 
physiological saline at various delays after red coarse 
Source 
Treatment 
Error 
Total 
... 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
**£ < 0.01 
food consumption 
Sum of 
Squares df 
PRETRAINING DAY 
8.-45 
33.74 
42. 19 
10.47 
~-7. 7 4 
58.21 
5.06 
31 . 97 
37. 13 
44. 79 
58.71 
103.50 
9 
80 
TRAINING DAY 
PRETEST DAY 
TEST DAY 
9 
80 
9 
80 
9 
80 
Mean 
Square 
0.94 
0.42 
l . l 6 
0.60 
0.56 
0.40 
4 _gs 
0.73 
F 
2.24 
1 . 94 
l . 41 
6. 7 8** 
- - - ---=--- __.__..;:;;;;. ... ~ - - ... ~ 
TABLE 20 
Scheffe mu ltiple comparisons of test day consumption. Groups had been injected at different times 
after food consumption on the training day 
t 
Control 
0 
30 
60 
120 
180 
240 
360 
480 
*Q < . 05 
**E._ < . 01 
600 
l . 28 
13.33** 
11.84** 
12.49** 
4.64* 
5. 16* 
2.68 
0.63 
0.56 
480 360 
4.04* 4.27* 
8.43* 8. 16* 
7.25* 7.00* 
7.76* 7.30* 
l . 97 l . 84 
. 2. 32 2. 17 
0.79 0.71 
0.00 
240 180 120 60 30 0 
9.35* 14.45** 13.42** 27.97** 26.82** 29.44** 
4.05* 1 . 90 2.24 0.01 0.04 
3.25 1 . 37 l. 66 0.01 
3.60 1 . 60 l . 90 
0.27 0.01 
0.40 
t---' 
w 
co 
139 . 
.. EXPERIMENT 9 
I· 
140 . 
TAB! E 21 
Analysis of variance on the pre t aining, training, pretest and test 
day consumption of animal s trained with red fine food 
Source 
Treatment 
Error · 
Total 
.. 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
**Q_ < 0.01 
Sum of 
Squares df 
7. 38 
25.31 
32.69 
1 . 1 9 
7.63 
8.82 
0.46 
9.26 
9.72 
4. l l 
6 . 34 
10.45 
PRETRAINING DAY 
4 
35 
TRAINING DAY 
4 
35 
PRETEST DAY 
TEST DAY 
4 
35 
4 
35 
Mean 
Square 
1 . 85 
0.72 
0.30 
0.22 
0. 11 
0.55 
l . 03 
0.20 
F 
2.55 
1-.37 
0.21 
5. 17 ** 
141. 
TABLE 22 
Scheffe multiple comparisons of test day red fine food consumption. 
Animals had been trained on red fine food with varying delays 
between consumption and training. 
Control 
600 
.. 
420 
240 
*_.12_ < 0.05 
**_.12_ < 0.01 
60 
13.12** 
11.25** 
11.55** 
1 . 35 
240 
6.05* 
4.80* 
5.00* 
420 
0.05 
0.00 
600 
0.07 
11?. . 
TAB [ 23 
Analyses of variance of the pre training, trainin g, pretest and t es t 
days. Animals were trained on bnige coarse food with varyin g delays. 
Source 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
**.2.. < 0.01 
Sum of 
Squares df 
1 . 44 
l 7. 81 
19.25 
2.52 
16.67 
19.19 
3.71 
16.88 
20.59 
8.93 
21 . 2 
30. 13 
PRETRAINING DAY 
6 
53 
TRAINING DAY 
6 
53 
PRETEST DAY 
TEST DAY 
6 
53 
6 
53 
Mean 
Square 
0.24 
0.34 
0.42 
0. 31 
0.62 
0.32 
l . 49 
0.40 
F 
0.72 
l . 33 
l . 94 
3.69** 
143 . 
TAB ' E 24 
Scheffe multiple comparisons of test day beige coarse food consumption 
r 
" 
Control 
660 
540 
420 
300 
.. 
180 
*.2. < 0.05 
**12. < 0.01 
60 
10.16** 
3. 14* 
4.90* 
0.90 
0.08 
0.29 
180 300 420 540 660 
14.26** 8.27** 4.61* 0.58 l . 56 
5.33* 2.21* 0.68 0.20 
7.57* 3.72* 1.60 
2. 21 0.44 
0.68 --
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EXPERIMENT 10 
.. 
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TAB LE 25 
Analysis of variance of food co nsumption for the pretraining, training, 
pretest and test days of Animals tested on red coarse food 
Source 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Sum of 
Squares df 
PRETRAINING DAY 
0.53 
14. 18 
14. 71 
l. 06 
12.09 
l 3. 15 
0.36 
12. 96 
12.32 
4.67 
38.30 
42.97 
2 
21 
' 
TRAINING DAY 
2 
21 
PRETEST DAY 
TEST DAY 
2 
21 
2 
21 
Mean 
Square 
0.26 
0.67 
0.53 
0.58 
0. 18 
0.62 
2.33 
1 . 82 
F 
0.39 
0.92 
0.29 
1.28 
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TABl_E 26 
Analyses of variance of pretrai ing, training, pretest and test days · 
food consumption of grou ps tested on beige coarse food 
Source 
Treatment 
Error 
Total 
.. 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Sum of 
Squares df 
0.54 
11 . 6 7 
12.21 
PRETRAINING DAY 
2 
21 
0.43 
12.59 
13. 02 
0.48 
15. 41 
15. 89 
0.36 
27.64 
28.00 
TRAINING DAY 
2 
21 
PRETEST DAY 
2 
21 
TEST DAY 
2 
21 
0.27 
0.56 
0.21 
0. 60, 
0.24 
0. 7 3 
0. 18 
l . 32 . 
F 
0.48 
0.35 
0.33 
0. 14 
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TAB LE 27 
Analyses of variance of pretrai ni ng, training, pretest and test days 
of groups tested on red fine food 
Source 
Treatment 
Error 
Total 
.. 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Treatment 
Error 
Total 
Sum of 
Squares df 
2.43 
12.47 
14.90 
0. 11 
7.82 
7.93 
0.35 
7.68 
8.03 
0. 13 
4.64 
4.77 
PRETRAINING DAY 
2 
. 21 
TRAINING DAY 
2 
21 
PRETEST DAY 
TEST DAY 
2 
21 
2 
21 
~ean 
Square 
l . 21 
0.59 
0.57 
0.37 
0. 17 
0.37 
0.07 
0.22 
F 
2.04 
0 .15 
0.47 
0.33 
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TABL F 28 
Two-way analyses of variance of consumption on the pretraining, training 
and pre te st days 
Source 
Control/Experimental 
Delay 
C/E X Delay 
t>Jithin 
Tota 1 
.. 
Control/Experimental 
Delay 
C/E X Delay 
t>Ji thin 
Total 
Control/Experimental 
Delay 
C/E X Delay 
Within 
Tota 1 
**£ < 0.01 
Sum of 
Squares 
PRETRAINING DAY 
l 91 . 58 
10.44 
4.90 
152.86 
359.78 
TRAINING DAY 
292.61 
6.90 
3.52 
156.3 
459.33 
PRETEST DAY 
0.02 
13.60 
8.61 
64. 41 
186.64 
df 
l 
4 
4 
70 
79 
., 
4 
4 
70 
79 
1 
4 
4 
70 
79 
Me an 
Square 
191 . 58 
2.61 
l . 22 
2. 19 
292.61 
l . 7 3 
0. 88 
2.23 
0.02 
3.40 
2.15 
2.35 
F 
87.73** 
1 . 20 
0.56 
131.03** 
0.77 
0.39 
0.01 
1 . 45 
0.92 
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TAB LI: 29 
Two-way analyses of variance of consumption on test days one, two, 
and t hree 
Source 
Control/Experimental 
Delay 
C/E X Delay 
Within 
Total 
.. 
Control/Experimental 
Delay 
C/E X Delay 
Within 
Total 
Control/Experimental 
Delay 
C/E X Delay 
Within 
Total 
**12. 0.07 
Sum of 
Squares 
TEST DAY 
125.50 
5.62 
8.86 
95.45 
235.43 
l 
TEST DAY 2 
84.46 
l. 74 
l . 57 
163.20 
250.97 
TEST DAY 3 
204.80 
14.39 
14.03 
332.62 
565.83 
df 
l 
4 
4 
70 
79 
l 
4 
4 
70 
79 
l 
4 
4 
70 
79 
Mean 
Square 
125.50 
l . 41 
2.21 
l. 36 
84.46 
0.44 
0.39 
2.33 
204.80 
3.60 
3.51 
4.75 
F 
92.04** 
l . 03 
l . 62 
36.23** 
0. 19 
0. 17 
43. 10** 
0.76 
0.74 
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TAB I_E 30 
Two-way analyses of variance of consumption on test days four and five 
Source 
Control/Experimental 
Delay 
C/E X Delay 
Within 
Total 
Control/Experimental 
Delay 
C/E X Delay 
Within 
Total 
**.2.. < 0.01 
Sum of 
Squares 
TEST DAY 4 
139.66 
23.79 
31 .32 
310.62 
505.39 
TEST DAY 5 
116.40 
3.07 
24.89 
372.08 
516.44 
df 
1 
4 
4 
70 
79 
1 
4 
4 
70 
79 
Mean 
Square 
139.66 
5.95 
7.83 
4.44 
116.40 
0.76 
6.22 
5.32 
F 
31 .47** 
1.34 
1 . 76 
21.90** 
0. i 4 
1 . l 7 
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TAB LE 31 
T-tests · between each experimental group and its respective control 
group over five test trials 
Test 
l 
2 
3 
4 
5 .. 
0 
5. 51 
3.85 
4.62 
3.12 
3.09 
Delay between food consumption and injection 
120 
6.28 
4. 31 
3.36 
3.22 
4.04 
240 
5.70 
2.28 
4.35 
3.59 
2.06 
360 
2.05 
2. 61 
3. 17 
2. 78 
2.38 
480 
4.68 
l . 4 7 
l . 20 
0.43 
0. l 9 
.. 
Appendix 3 
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Introduction to the Problem Area · 
The l970's have seen a resurgence of interest in the comparative 
psychol9gy of learning after years of criticism b~ writers who claimed 
that its methods and interests were incorrect (Beach, 1965; Bitterman, 
1960; Ratner & Denny, 1964). These critical comments culminated in the 
observation by Warren (1973) that: 
Comparison of vertebrate species in terms of their 
·performances on standard laboratory tests of learning 
yield no convincing support for the notions that 
animals can be characterized in terms of a general 
ability to learn and that the distribution of this 
trait is correlated with taxonomic rank. A given 
species may learn as well as, or better or worse, 
than a second species, depending upon the nature of 
.. the task and conditions of testing. (p. 472) 
The revival of comparative psychology occurred when experimenters 
recognized that one need not emphasize the zoological comparative which 
is concerned with the evolution of behaviour (Ratner, 1972). As is 
apparent from the quote by Warren (1973), investigators had difficulty 
in determining whether or not certain behavioural abilities were homo-
logous. This problem is accentuated when one remembers that the 
relationship between genotype and phenotype is complex; even simple 
morphological structures which -initi.ally appeared to ·be homologous were 
shown not to be through embryological work (DeBeer,- 1958). This led 
writers to point out that in behavioural work it was a 11 but impossible 
to ascertain the phylogenetic relatedness of any behavioural trait 
(Klopfer, 1973). In addition, it was recognized that a comparative 
approach based on evolution was only necessary if one was interested 
in reconstructing the evolution of a particular behavioural trait or if 
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one wanted to determine the beh ~vioural relatedness of a variety of 
species. No compelling reasons existed for studying homologous behaviours 
in the absence of these aims. 
An a]ternative to the zoological approach to comparative 
psychology is the ecological. In essence investigators ·have taken to 
heart the proposals of Schneirla (1950, 1959, 1965). They claim that 
the demands of a particular animal 1 s ecological niche and an under-
standing of those demands are necessary for a true comparative psychology. 
So, investigators in the field of comparative psychology who want to 
understand behavioural differences between various species need not 
consider the ctnimal as a branch on some evolutionary tree but can study 
the animal in terms of its relationship to a particular ecological niche. 
Presumably, the relationship which exists influences the limits of an 
animal's ability to learn. This approach has been called the "new 
comparative psychology" by its proponents (Seligman & Hager, 1972) and 
it has been referred to as the product of a union of psychology and 
ethology (Mason & Lott, 1976). 
The new comparative psychology has not been built solely upon 
investigators• disenchantment with the failure of the zoological com-
parative approach. Several reviews (Bolles, 1970; Breland & Breland, 
1961; Revusky & Garcia, 1970; Rozin & Kalat, 1971; _Seligman, 1970; 
Shettl eworth, 1972a; Staddon & Simme l hag, 1971) and a number of books 
(Breland & Breland, 1966; Hinde & Stevenson-Hinde, 1973; Seligman & 
Hager, 1972) have summarized data which reveal the usefulness and 
robustness of the new comparative psychology. These reviews have 
documented learning specializations in various ani mals and have raised 
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the issue that in order to under s tand the behaviour of an animal, one 
should be familiar with the environment in which it lives. Furthermore, 
these writers have suggested that the existence of so many -constraints 
on the ability of animals to learn indicates that we may have to forego 
the generation of general laws of learning. They further suggest that 
investigators examine the differential ability of animals to learn and 
attempt to relate their successes and failures to inherited and develop-
mentally -acquired proclivities which aid the species to survive. It 
is hoped that such an approach will enable us to more fully understand 
learning in that we will not mistake the information obtained from a 
particular species or experimental preparation as a good grounds for 
the gen~ration of a learning law. Hence, we will produce laws of 
learning which are tempered by our knowledge of how animals fit into 
their particular ecological niches. More importantly, the examination 
of learning in different species iD a variety of situations should enable 
us to generate truly general laws of learning. 
A voluminous literature from both psychology and ethology 
attests to the existence of learning constraints in that animals rlo 
not learn all events with equal ease. Many examples of specialized 
learning abilities that cannot be subsumed under general laws of learning 
have been reported by i n v es ti g a tors w i th a bi o l o g' i cal i n t ere s t . The 
development of singing in birds cannot be summarized by one set of laws 
because the effects of experience varies greatly between species . (Hinde, 
' 1969). Complicated nest building in birds may have experiential pre-
cussors but interspecies variety indicates that no single set of rules 
exist which can describe the development of this behaviour (Hinde, 1959; 
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Hinde & Stevenson, 1969). Recog11ition of home streams by salmon 
( Ha s 1 e r , 1 9 6 0 ) , e g g s by g u i 11 em o ts ( Ts ch a n z , 1 9 5 9 ) and c h i c ks by g u 1 1 s 
(Tinbergen, 1953), are not easi y explained by general laws because 
these are specialized capacities in particular spe~1es. 
Within the learning literature motivational constraints have 
been demonstrated in numerous $tudies. Rats learn to run down an alley 
more readily for a delayed water reward than for a delayed food reward 
even though both reinforcements are _ comparable when no delay between 
the response and reinforcement is used (Logan & Spanier, 1970). Hungry 
rats ·are better than thirsty rats at alternation problems and thirsty 
rats are better than hungry rats at spatial discriminations (Petronovich · 
& Bdlle5, 1954). Male chaffinches learn the perching response more 
readily for a burst of male chaffinch song than for food and water 
during autumn while the reverse is true during the other seasons 
(Stevenson-Hinde, 1973). 
Constraints on learning may also be attributable to the nature 
of the required response. Rats will drink in order to avoid shock when 
they are thirsty or when the solution used 1s sweet. They will not 
learn in the absnece of either thirst or a sweet solution (Black & 
Young, 1972). Rats learn with some facility to jump and run from a 
dangerous place in order to avoid shock (Miller, ·1948). Rats do not 
readily learn to bar press in order to avoid shock (D'Amato & Fazzaro, 
1966): Some responses that have been reinforced tend to drift such 
, that the res~onse becomes integrated into a complicated behaviour pattern, 
even though the more complicated behaviour 1s unnecessary for obtaining 
reinforcement. For example, the behaviour of a pigeon which is rein-
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forced for pecking another pigecn gradually shifts from simple pecking 
to obvious aggression even thou gh only the pecking response 1s required 
(Reynolds, Catania, & Skinner, 1963). Pigs can learn to drop a wooden 
coin into a slot for food reinforcement. As the response-reinforcement 
contingency continues, however, the behaviour of the pig drifts from 
this simple response to a complex set of behaviours which delay the 
presentation of the reward (Breland & Breland, 1966). The opposite 
effect has also been observed in tha·t the response which is reinforced 
becomes simplified until it is no longer an adequate representation of 
that which is required. Pigeons could not be trained to make a normal 
' preening response for food reinforcement (Hogan, 1964) nor could cats 
be traifted to scratch their ears or lick their anus for reinforcement 
(Konarski, 1967; Thorndike, 1911) even though both species are quite 
capable of learning many responses for reinforcement. 
Constraints have also been revealed with discrimination learning. 
Dogs can learn to inhibit a response in the presence of one auditory 
signal and to make a response in the presence of another when the 
auditory signals differ qualitatively (i.e., buzzer versus a tone). 
They fail to make the discrimination when the signals differ only in 
location. Conversely, the animal learns a left-right discrimination 
when the signal is the location of a pirticular audftory stimulus, but 
not when the discriminative stimulus is the quality of the signal 
(Dobrzecka, Szwejkowska, & Konarski, 1966). Monkeys also show similar 
' 
, tendencies (cited in, Dobrzecka, et al., 1966). A similar type of 
stimulus constraint was demonstrated in chickens (Shettleworth, 1972b). 
In the case of chickens visual cues are more readily associated with 
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aversive consequences than are ·ones when the animal is discriminating 
between safe and dangerous water. Tones, however, are more readily 
associated with aversive consequences than are visual stimuli when _the 
two events ar.e paired independently of drinking. ~tis apparent, then, 
that a great deal of data have been collected which demonstrated the 
existence of learning specializations in animals. These isolated 
findings have stimulated the growth of comparative psychology because 
they make it apparent that examining different species and the species 
in different tasks will offer information regarding how learning ability 
varies depending upon the adaptive strategies which are required for 
survival. 
~Another maJor contributor to the development of the new com-
parative psychology comes from research which has extended classical 
learning paradigms and have revealed that the formulation of general 
laws of learning based on a limited · number of experimental preparations 
can be very difficult. Experiments on superstitious behaviour, auto-
shapin~, adjunctive behaviour,and poison-based avoidance learning are 
all indicative. 
Superstitious behaviour was first reported to occur in pigeons 
by Skinner (1948). The animals were given five seconds access to food 
every fifteen seconds regardless of behaviour prior .to the presentation 
of the food . Interestingly, the pigeons developed stereotyped patterns 
of behaviour during the intervals between food presentations. Sk1nner 
accounted fo; this finding by suggesting that the animals had been 
fortuitously reinforced for the response which preceded reinforcement 
and that a chain of responses were built up over repeated presentations 
I· 
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of the food. This account went virtually unchallenged until Staddon 
and Simmelhag (1971) reported th eir findings. Their analysis of 
superstitious behaviour revealed that two classes of behaviour occurred 
during the interfeeding intervals. One class, terminal responses, 
occurred prior to the presentation of the food and appeared to match 
responses which Skinner noted were being fortuitously reinforced and 
the other class of responses, which Staddon and Simmelhag classified 
as interim responses, filled up the remaining interval. These responses 
occurred when the terminal response was not occurring and an important 
variable which determined their occurrence was the low probability of 
further reinf6rcement. Interim responses are not contiguous with 
reinfortement and occur prior to behaviour which is contiguous with the 
occurrence of reinforcement. This effect is not limited to pigeons. 
Similar data have been collected from hamsters (Anderson & Shettleworth, 
1977) and rats (Staddon & Ayres, 1975) in that animals which are on a 
reinforcement schedule also tend to break their activities up into 
terminal and interim behaviours. 
The occurrence of interim activities has also attracted the. 
attention of investigators who study one interim activity at a time 
(Falk, 1971; Wallace & Singer, 1976; Wayner, 1974). The schedule 
induced behaviours examined by these investigators have been referred 
to as adjunctive behaviours. I~ essence, adjunctive behaviour is an 
increase in the frequency of an unreinforced behaviour by an animal 
which is on some reinforcement schedule. The most thoroughly examined 
example of adjunctive behaviour is schedule induced polydipsia (Falk, 
1971). A 200 gram rat will drink 92.5 milliliters of water over a 
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three hour session even though Ui e drinking of the water has nothing 
to do with obtaining the 45 mil li gram food pellet which serves as 
reinforcement for rats reduced to 80% of their normal body weight. 
Investigation of this phenomenon has revealed that _the maladaptive 
consumption of copious amounts of fluid is not easily explained by 
adventitious reinforcement (Falk, 1969) nor is it explained by claiming 
that drinking mediates the delay between reinforceme nts or by the 
suggestion that drinking was simply being elicited by the schedule 
(Falk, 1969). The latter point has been supported by findings which 
reveal that many behaviours other than adjunctive drinking can be pro-
duced. For e~ample, schedule-induced pica, wheel running, air · licking; 
and aggression have been produced in a variety of species which include . 
rats, pigeons, rhesus monkeys, and chimpanzees (Falk, 1971). 
The importance of animals' propensity to make certain response s 
rather than others has been dramatically demonstrated by work on key 
pecking with pigeons (Brown & Jenkins, 1968). Key pecking in pigeons 
was considered prototypical of operant responding in that it was an 
excellent example of a response which would occur more frequently if 
its occurrence was followed by some reinforcef. At least six different 
ways were developed to increase the probability of pecking in pigeons 
(Moore, 1973). All te~hniques were designed to ens~re that responses 
which approximated a key peck would be reinforced. Brown and Jenkins 
(1968) brought into question the belief that the key pecking response 
was emitted for food reinforcement . They showed that when presentation 
of a lighted key was repeatedly followed by food the pigeons would peck 
the key even though that response was not required in order to obtain 
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the food. This finding was dra atically extended by the demonstration 
that pigeons persist in pecking t he key, albeit at a lower rate, when 
the presentation of the reinforcer was dependent on the withholding 
of the response (Williams & Williams, 1969). These two findings reveal 
that the traditional dichotomy bet\~een operant and classical conditioning 
no longer holds. Pecking, a complex skeletal response, was not neces-
sarily under the control of operant conditioning. In fact, key pecking 
appeared to be another example of classical conditioning. Furthermore, 
the continued pecking, when pecking prevents the occurrence of the 
reinforcer, indicates that the reinforcer, in contradiction to the law 
of effect, need not have very good control over operant responding. 
Similarpdata have been collected with rats (Timberlake & Grant, 1974), 
chickens (Wasserman, 1973) and quails (Gardner, 1969). 
These data on superstitious behaviour, adjunctive behaviour, 
and autoshaping demonstrate that the behaviour of an animal on a rein-
forcement schedule is a product of the interaction between the environmental 
stimuli, the behavioural proclivities of the animal, and the reinforcer. 
The wide variety of effects obtained has contributed to the growth of 
the new comparative psychology. Investigators are now attempting to 
ascertain the scope and nature of these effects with different species 
1n order that they can formulate general laws of learning. 
The data collected by investigators who look at poison-based 
avoidance learning also indicate that the formulation of learning laws 
. 
requires careful examination of a wide variety of species in different 
learning situations. Typically a rat is allowed to consume a novel 
flavoured liquid or food and is subsequently made ill by the injection 
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of a poison or X-irradiation. At some later time the novel substance 
is re-presented and the animals rl isplay learning by consuming less of 
the food or liquid than animals which had been solely poisoned or 
exposed to the novel food or liquid alone. 
The data reveal that animals associate events when delays of 
hours intervene between the stimulus and the consequence (Revusky & 
Garcia, 1970). This necessitated a revision of the notion, held by 
learning theorists, that contiguity between stimuli and· consequences 
was necessary for learning (Revusky, 1971). In addition, not all 
stimuli are associated with ill consequences. Rats readily associate 
I 
taste, but not auditory or visual stimuli, with induced sickness while 
they re~dily associated visual and auditory stimuli, but not taste, 
with electric shock (Revusky & Garcia, 1970). It appears, then, that 
theories of learning have to take the associative predispositions of 
animals into account in order to generate general laws of learning. 
Poison-based avoidance learning, in addition to stimul ·ating the 
.new comparative psychology, offers advantages for its continued pursuit. 
Every animal must eat. This ensures that a wide variety of experimental 
animals are available. Different species have different experiences 
with food during development. The various sensory capacities, _ingestional 
patterns, nutritional requirements, and sources of food also guarantee 
diversity. This should prevent investigators from making incorrect 
generalizations in that specialized learni ng C?pacities will require 
, investigators to formulate carefully the laws of learning. 
The similarities between poison-based avoidance learning and 
other forms of learning indicate that we are not studying an anomalous 
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finding. We can use this prepa ration to examine the generality of 
associative rules and thereby extend the comparative psychology of 
learning. 
The following section will review some of the literature on -
poison-based avoidance learning. A brief historical account of the 
phenomenon will be provided along with an examination of the similarities 
between this preparation and other learning paradigms. Delayed learning 
and stimulus relevance will also be discussed. In addition, I will 
cover the contribution of comparative data to our understanding of 
food aversion learning and learning in general. 
The overall impression obtained is that food aversion learning, 
like ot~er forms of learning, pays lip service to a biological approach. 
The majority of findings demonstrate similarities between food aversion 
learning and other learning preparations. Comparative data, when 
collected, is typically used to demonstrate that another species can 
associate food cues with sickness. The consequence of this has been a 
rather poor understanding of the potential contribution of a truly 
comparative approach to our understanding of such important issues as 
the formation of associations over delays and stimulus relevance. 
Brief Historical Account 
A large body of data is consistent with the notion that animals 
select foods ' required for their well being, and avoid foods which made 
them ill. The anecdotal nature of the early data, the methods used to 
examine the problem, and the absence of an explanation may have resulted 
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1n learning psychologists ignor i r g the early findings. 
Studies showed that rats which were offered casein, sucrose, 
yeast, olive oil, and six vitami ns and minerals in solution managed to 
survive (Richter, Holt, & Barelare, 1937, 1938). Data collected on 
children under the age of 4.5 years also revealed that balanced diets 
were selected when self-selection procedures were employed (Davis, 1928, 
1933, 1934, 1939). Children, when given the opportunity to choose 
between 30 unseasoned and unmixed foods, managed to remain healthy and 
to grow normally. Studies such as these, though .suggestive, were always 
open to the criticism that the organism could hardly. avoid maintaining 
itself by simple random selection of the foods provided. 
·Stronger evidence for the contention that animals cnuld use 
food cues to monitor their intake of particular nutrients· was provided 
by studies which deliberately induced a vitamin deficiency in the animal. 
Rats maintained on a vitamin B.deficient diet were shown to be capable 
. . ' 
of selecting a distinctively flavoured and supplemented diet over an 
unsupplemented one (Harris, Clay, Hargreaves, & Ward, 1933). Diets which 
were not distinguished by a distinctive flavour were not differentially 
consumed. Nor did animals discover which diet contained the requisite 
vitamin if several novel diets were presented simultaneously. Prefeeding 
the animal on the supplemented diet prior to exposing them to several 
novel diets eliminated this problem 1n that the animal continued to eat 
the supplemented diet in preference to the others. Rats would continue 
to consGme t~e novelly flavoured food with which they had been pre-fed 
even though the vitamin had been moved to another novelly flavoured 
food. Hence, it appeared that the rats were selecting the supplemented 
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food based upon its flavour. Th ese findings v1ere replicated by Scott 
and Verney (1947, 1948) in that t hey also showed that rats appeared 
to use the flavour of the food when selecting their diets. 
y 
Additional findings in support of the notion that animals were 
using taste cues to predict physiological consequences came from the 
labs of investigators who were .interested in exterminating rodents 
(Richter, 1953; Rzoska, 1953). Richter poisoned rats with alpha-
napthyl-thiourea and Rzoska used several poisons such as arsenic -and 
barium carbonate. 
Rats typically did not distinguish between poison adulterated 
and unadulter~ted food upon the first presentation. Animals which 
survive~ the first presentation usually avoided the food, which had 
contained the poison, upon subsequent presentations. This finding was 
not always clear-cut. For example, 15 domesticated rats were initially 
exposed to a food adulterated with 0.05% alpha-naphthyl-thiourea. Eight 
of the animals died from the first exposure and the remaining seven 
died when tested for their avoidance of the food '(Richter, 1953). Thus 
in this particular case rats neither developed a refusal response nor 
a tolerance for the poison. Richter demonstrated, in cases where food 
refusal had been obtained, that removing the animal's sense of taste or 
smell increased · the probability that the animal wotJld consume the poison. 
This finding implicated these two modalities in the control of food 
intake. Rzoska's findings were consistent with this observation. He 
. 
found that rats would avoid the food in which the poison had been initially 
presented and would eat other foods even though they now contained the 
poison. Avoidance of the food by the rats led Rzoska to suggest that 
167. 
the rats were associating the fl 1 od with sickness. Furthermore, he 
observed that rats did not avoi rl the poison~d food immed iately after 
exposure to it. Several hours had to intervene between the first and 
second exposures if avoidance was to occur. This indicates that the 
poison had to take effect before the animal would avoid the food. 
This indicated that the rats might have been associating the food with 
sickness when delays intervened between the two events. 
These data on nutrition and poisoning did not necessitate a 
learning explanation, especially one which implied associations over 
long delays. The animals had to tngest the poison which was in the 
food or had t6 consume the food which contained or lacked a requisite 
vitamin-: Consequently, it was difficult to specify the actual time · 
at which .poisoning was initiated. More importantly, the non-specific 
effects of poison in the absence of ingesting could not be controlled 
for because exposure to the poison required ingestion. Other dif-
ficulties with this approach were the absence of control over the amount 
of · food and poi son the animal was exposed to. Nor was there alv,ays 
control over the pa r t of the population being sampled as animals died 
during training and test. 
Problems such as those mentioned above could have resu lted in 
the issue of food avoidance remaining outside the r-ealm of learning 
rsychology. Resolution of the se difficulties through work conducted 
on the effects of radiation initiated an int erest in food avoidance by 
learning psychologists. A method was dev eloped which could control for 
non-associative effects as well as the amount of food and poison. This 
was made possible by administration of the poison independently of food 
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or fluid consumption. 
Among the first clear demonstrations of poison-based avoidance 
learning was a report by Garcia, Kimeldorf, and Koelling (1955). They 
gave 30 rats -access to a 0.1 % saccharin solution an.d another 30 rats 
access to tap ·water for 6 hours. These two groups were subdivided such 
that 10 in each group received a 30 roentgens (r) or 57 r dose of gamma 
radiation. The remaining 10 animals in each group were given a sham 
exposure of radiation during fluid consump~ion. Two days later ~ll 
rats were allowed access to saccharin .water and tap water in their home 
cages. The rats that had been irradiated during saccharin water pre-
sentation displayed a marked aversion to saccharin (i.e., reduced 
saccharTn consumption) which persisted for more than four weeks. The 
other groups showed a marked preference for the saccharin water relative 
to tap water. These findings demonstrated an aversion to saccharin 
which was independent of the training situation. Furthermore, the 
aversion was robust and was not based on non-associative effects such 
as exposure to the saccharin or the sickness alone. Hence, it appeared 
that rats would associate the taste of a novel solution with induced 
sickness and that investigators could start examining learning with a 
new experimental preparation. 
Subsequent experiments revealed that food aversion learning had 
at least two interesting properties which made it worth studying. Animals· 
associated taste cues with induced sickness when several hours intervened 
~ 
between the two events. They also preferred to associate taste cues 
with sickness to the exclusion of other equally salient stimuli. 
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One of the first demons 1-rations of learning over long delays 
was reported by Garcia, Ervin, a d Koelling (1966). Consumption of a 
0.1 % saccharin solution was fol lowed by an injection of apomorphine. 
The delay between consumption and poisoning varied _from 5 to 180 minutes. 
Control groups were exposed to saccharin in the absence of poisoning 
or to poisoning in the absence of saccharin. An additional control 
group received saccharin and was given an electric shock approximately 
five minutes after saccharin removal. Animals which had saccharin paired 
with apomorphine showed saccharin aversions on the test day relative to 
all the other groups. Even the group which had the injection delayed 
by 75 minutes 'displayed an aversion . It was apparent that rats could 
associake taste with sickness when unusually long delays intervened 
between the two events. Smith and . Roll (1967) extended these findings 
by showing that rats could associate a 0.1 % saccharin solution with 
X-irradiation when the delay between the two events was 12 hours. Rats 
also associated a 4.0% sucrose -solution with X-irradiation when the 
delay was six hours (Revusky, 1968). The absence of an aversion when 
delays greater than six and 12 hours for sucrose and . saccharin were 
employed indicated that exposure to the novel solution and sickness was 
adequate for the production of an aversion thereby making non-associative 
explanations unlikely. Additional work with a sucr0se solution and 
X-irradiation reduced further the credibility of a non-associative 
explanation (Revusky, 1968).· Rats were given 5 minutes access to a 
19.7% sucros~ solJtion and were irradiated with 50 r of X-rays over a 
period of 23.3 seconds. Sucrose aversions were obtained when a delay 
of 6.5 hours intervened between fluid presentation and irradiation. 
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Aversions were not obtained whe 11 greater delays -intervened. Controls 
that were given sucrose and sha~ irradiated, as well as a group that 
was not given sucrose but was irradiated, did not display an aversion 
to the solution. 
The other important discovery which came from food aversion 
learning was the demonstration . that rats will perferentially associate 
taste stimuli with sickness and auditory and visual stimuli with electric 
shock. The first dramatic demonstration was given by Garcia and Koelling 
(1966). · They presented rats with a solution which was characterized by 
a novel saccharin taste, a click, and a flashing light. Each contact 
the rat made with the drinking spout resulted in exposure to the three 
stimuli~ ·Animals which had been given an electric shock for licking 
the novel solution displayed avoidance which was based on the auditory 
and visual signals. Rats which were poisoned after exposure to the 
novel solution based their avoidance on the taste rather than auditory 
and visual properties of the solution. This substantiated data which 
showed that rats could form aversions to a flavoured solution when made 
sick by injecting salt solution directly into the stomach but not when 
consumption of the flavoured solution was followed by shock to the feet 
or to the mouth (Braveman & Capretta, 1965; Dietz & Capretta, 1967). 
The findings of Garcia and Koelling were replicated -with additional 
control procedures. Dornjan and Wilson (1972a) showed that the same 
effect could be obtained when the taste and external s ti muli were 
, paired separately with electric shock or sickness. Furthermore, the 
same stimulus selectivity was demonstrated when the stimuli were not 
compounded and 20 training trials were employed (Larsen & Hyde, 1977). 
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The later experiment controlle r: for possible sensitization effects; 
the rats associated the taste wfi-i ch was consistently paired with sickness 
but not the other novel taste which was not consistently paired. 
These findings were given additional credibility and significance 
owing to the ease with ,which the phenomenon could be demonstrated. -The 
mode of presenting the flavour .varied; it was presented in fluids 
(Revusky & Garcia, 1970), in foods (Garcia, et al., 1966; Martin & 
Storlien, 1976), directly into the animal 1 s mouth (Buresova, 1976; 
Domjan & Wilson, 1972b), through injections into the animal 1 s tail vein 
(Bradley & Mistretta, 1971) and the intraperitoneal cavity (Buresova & 
Bures, 1977). ' The poison was also administered in different ways. Rats 
have co~sumed the poison (Nachman, 1963a; Rusiniak, Garcia,& Hankins, 
1976), had it intubated into them (Boland, 1973; Andrews & Braveman, 
1975) and been injected intraperitoneally (Revusky, 1971 ), subcutaneously 
(Nachman & Ashe, 1973), intracardially (Lester, Nachman, & LeMagnen, 
1970), intracerebrally (Bolas, Bellingham, & Martin, 1979) as well as 
intravenously (Coussens, 1975) with it. The animals demonstrate that 
they have associated the taste with sickness when various test procedures 
are employed. For example, they consume less of the taste adulterated 
substance than control animals whether a choice is provided (Klein, 
Damato, Hallstead, Stephens, & Mikulka, 1975) or not (Revusky & Garcia, 
1970) . 
In the light of the above findings one can claim that rats will 
... 
associate the flavour of a substance with the administration of some 
poison and that this phenomenon is not limited to specialized procedures. 
A great number of attributes have been examined in order to aid our 
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understanding of the unique prop2rties of this preparation and to help 
elucidate the similarities of t f1 is learning task to others which have 
been used to study the plastici ty of behaviour in animals. 
Food Aversion and Conventional Learning 
Parameters of Stimulus and Consequence 
The special features of food aversion learning which were 
outlined at the end of the . last section resulted in an attempt by some 
investigators to determine ·whether or not there were any similarities 
~etween food ~version learning and more conventional learning prepara-
tions ... Hopefully, demonstrations of similarities would allow investi-
gators to use the findings from food aversion learning to generate 
increasingly general laws of learning. 
The first thing to consider when comparing food aversion learning 
and other forms of learning is the animal's treatment of the neutral 
stimulus. In the case of food aversion learning t he neutral stimulus 
is the flavour. Animals appear to treat the taste in the same way 
they treat other stimuli. The more intense the taste , the better the 
aversion formed. 
Nowlis (1974) paired a low, medium, or hig~ concentration of 
sodium chloride (NaCl) with sickness and tested all rats on each 
concentration of NaC l over repeated trials. /\nimals formed 111ore 
robust aversions to higher concentration s of NaCl , which is consistent 
with results from other learnin g situations (see Gray, 1965 for review). 
Nowlis also observed that the animals' aversion extinguished more 
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slowly when the test solution Wr s more intense. This is not consistent 
with data from other learning pr parations. The slower extinction can 
possibly be attributed to the test procedure employed by Nowlis. He 
allowed animals, over repeated trials, access to all three solutions 
thereby ensuring that the shift away from the training flavour during 
extinction was not complete. Hence, a change in the flavour's intensity -
was not correlated with extinction . This analysis is consistent with 
the observations of Dragoin (1971). He showed that increases in the 
concentration of hydrochloric acid (HCl) flavoured water· facilitated 
the formation of an aversion but did ·not have any effect on the rate 
I 
of extinction. These studies are also important because they indicate 
that any explanation of an intensity effect cannot be based upon repeated 
training trials. 
Like other forms of learning, the taste intensity effect seems 
to be attributable to differences in stimulus discriminability. Several. 
classical conditioning studies have demonstrated that a decrease 1n 
the intensity of a stimulus, relative to the background stimuli, pro-
duces conditioning equivalent to increases in stimulus intensity (Kamin, 
1965; Logan & Wagner, 1962). Similarly, Kalat (1974) showed that a 
decrease in the concentration of either saccharin or vinegar which was 
paired with sickness resulted 1n conditioning which- was as good as an 
rquivalent increase in the concentrati'on of either of these two flavours. 
His demonstration consisted of raising rats on either tap water, 0.51 % 
, saccharin, or a 2.5% vinegar solution. Animals raised on tap water 
showed better aversions the more concentrated the solution. Those 
raised on the concentrated solution displayed better aversions the 
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closer the training solution app,oximated tap water. 
A related phenomenon to t aste discriminability 1s the generaliza-
tion of a taste aversion to other flavours. As in other forms of learning 
the effect has been repeatedly demonstrated (Mackintosh, 1974). Tapper 
and Halpern (1968) observed that the less concentrated the test taste 
relative to the taste the animals were trained on the weaker the aversion. 
The more typical form of generalization in food aversion learning 1s 
between different flavours. It was found that a lithium chloride 
(LiCl) aversion generalized more readily to sodium chloride than to 
the more discrepant tasting ammonium chloride and potassium chloride 
(Nachman, 1963a) . Rats generalize aversions between L-alanine, glycine, 
and so~um saccharin but do not generalize the aversion to 0-glucose 
and potassium chloride which according to humans have a different taste 
to the first three (Tapper&Halpern, 1968). A lot of additional work 
will have to be performed on the generalization of taste aversions 
before any substantial parallels can be drawn with conventional learning. 
It does appear, however, that there is at least a basic similarity 
between the two in that generalization does occur. 
Gustatory cues, like ext~rnal cues, can summate to produce 
better conditioning. Kamin (1969) showed that under appropriate con-
ditions compound stimuli can summate and be more · re.adily conditioned 
than components alone. Best, Best, and Lindsey (1976) demonstrated a 
similar effect with casein hydrolysate which has both a distinctive taste 
and odour. Animals formed better aversions when both cues were present 
rather than one cue. 
17 5. 
Two other parameters of ~he taste which have been examined are 
quality and duration. Both vari ~bles are not readily related to stimulus 
parameters in other learning areas and do not appear to have predic-
table effects. Palatability of solution, which is -one aspect of taste 
quality, does not appear to be related systematically to the ease with 
which an animal can associate a taste with sickness. Sucrose, which 
is more palatable than casein hydrolysate and vanilla, is more readily 
associated with sickness than vanilla but not casein (Kalat & Rozin, 
1970) . Another study reported that 0.1 % saccharin was conditioned to 
sickness as readily as l0- 4M quinine hydrochloride when the poison 
occurred i mme di ate 1 y but not when a six-hour delay was employed. This 
effect ~as eliminated by . . the concentrati·on of the saccharin 1ncreas1ng 
and decreasing the concentration of the quinine thereby indicating that 
the effect obtained was due to stimulus intensity (Braum & Rosenthal, 
1976). Studies (e.g., Brackbill, Rosenbush, & Brookshire, 1971; Green 
& Churchill, 1970) which have obtained an effect which was based on 
taste quality hav~ not varied the concentration of the flavours employed . 
Consequently interpretations ·which are based on intensity were- not 
discounted. 
It 1s difficult to compare studies which have looked at the 
effects of stimulus duration in conventional and potson-based avoidance 
1 r. a r n i n g . T h c p r o b 1 cm w ·i th 111 o s t f o rm s o f 1 c J r n i n 0 i s th a t v cl r i cl t i o n s 
in stimulus duration results in changes in the ti me be t wee n the onse t 
of the stimulus and the consequence or the termination of t he sti mulus 
and the consequence. These changes are important because there is a 
precipitous drop in the amount of conditi·oning which occu r s as a function 
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of the amount of time which intci 'venes between the offset of the 
stimulus and the onset of the co sequence. These variables can mask 
the effect of stimulus duration on conditioning. Experiments which 
have taken these variables into account have not demonstrated any effects 
which could be attributed to stimulus duration (Kamin, 1965). Taste 
aversion learning has the opposite problem; the onset or 'offset of 
exposure to taste are not very important because the amount of con-
ditioning does not drop off very readily when delays intervene. Studies 
which have looked at the effects of duration are also equivocal because 
they never separate this effect from amount. 
One set of experiments employed volumes of saccharin that were . 
5 ml or*l.ess and found that with increasing volumes the size of the 
aversion increased (Bond & DiGiusto, 1975; Bond & Harland, ' 1975a). In 
contrast, analysis of 29 experiments failed to reveal any relationship 
between the amount of a solution consumed and the size of an aversion 
(Kalat, 7976). Furth ermore, another experiment replicated the findings 
of Bond and Harland and then showed that the reverse effect was obtained 
when greater amounts of fluid were consumed; animals that were allowed 
to consume 10.5 ml of saccharin solution formed a weaker aversion than 
animals which had consumed 6.5 ml (Braveman & Crane, 1977). 
Animals' treatment of the consequence is a second consideration 
when examining the relationship bet\veen food av ers ion l earnin9 and oth er 
forms of learning. As with other forms of learning in creases in th e 
intensity of . the consequence produces better conditioning. For example, 
Andrews and Braveman (1975) used three concentrations of sodium chloride 
as the poison (2.7, 8.1, and 12.15%) and found that increases in the 
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concentration produced increases in the size of the aversion. The same 
effect has been obtained when it vestigators have varied the dosage of 
X-irradiation (Revusky, 1968) or the dosage of cyclophosphamide (Dragoin, 
1971) in that the greater the dosage of poison the _stronger the aversion. 
The effect of duration of the consequence in most learning 
studies is negligible as is evtdenced by reports where the duration of 
an electric shock (Bitterman, Reed, & Krauskopf, 1952) and air puffs 
(Runquist & Spence, 1959) have been examined. An effect, when any has 
been obtained, has indicated that better conditioning is obtained when 
the duration of the consequence is short. In the case of food aversion 
learning the duration of the consequence is difficult to ascertain. 
The datct available, however, suggest that food aversion learning is 
facilitated by lengthening the duration of the consequence. Cappell 
and LeBlanc (1976) report that a single injection of cocaine will not 
produce a food aversion. They attribute the absence of the aversion 
to the short half life of cocaine which is 20-30 minutes. This duration 
is approximately half that of other psychoactive drugs which produce 
aversions. Increasing the duration of the cocaine's effect by dividing 
up a particular dosage and giving the animal repeated injections results 
in the animal forming an aversion. This finding suggests that conditioning 
was facilitated by increasing the duration of the drug's effect. This 
intcrpretution, us they pointed out, need noL he cor rec t; it 1s poss ibl e 
that the drug and the stress, which could have been produced by repea ted 
handling, interacted to produce an aversion. Cl arificati on of t he 
importance of sickness duration would be useful, thoug h difficult, 
because sickness has a punishing effect. If this is the case one would 
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expect that with longer duratio ns of sickness the better would be the 
conditioning. Such a result ha s been demonstrated with electric shock 
when it is used as a punisher (Church, 1969). 
Additional difficulties occur when one attempts to ascertain 
the nature of the effect of the various drugs and manipulations used to 
produce food aversions. At present it is difficult to believe that a 
common physiological mechanism is responsible. Both agonists and 
antagonists of the chlolinergic system are effective in producing food · 
aversions (reported in, Cappel & LeBlanc, 1976). Similarly, drugs which 
have opposite effects on the dopaminergic systems are effective producers 
of food aversions (Gamzu, 1977) as are dru~s which increase (Levy, 
Carroll~ Smith, & Hofer, 1974) and decrease (Berger, 1972) histamine 
levels . 
One candidate which might be responsible for production of food 
aversions is changes in corticosterone leyels. The compounds which act 
as poisons, when producing food aversions, produce increases in corti-
costerone levels. Furthermore, attenuation of the corticostero~e 
response by preinjecting rats with dexamethasone attenuates the aversion 
produced with LiCl (Hennessy, Smotherman, & Levine, 1976). Forcing 
animals to drink a fluid which has been paired with illness results in 
increases in corticosterone (Smotherman, Henness~ &- Levine, 1976). These 
data, though interesting, do not allow one to claim that experiences 
which cause increases in corticosterone will also cause food aver sions . 
. 
Corticosterone levels shift in a reliable way in response to painful, 
fearful (Covver, Ursin, & Levine, 1973; Digusto, Cairncross, & King, 
1971) and frustrating (Covver, Goldman, & Levine, 1971) sti muli. Hence, 
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stimuli which produce increases 1n corticosterone levels~need not produce 
food aversions. 
In the absence of a specific physiological mechanism investi-
gators have postulated that the novelty or the anorexic properties of 
the poisons could be used to predict their capacity to produce food 
aversions . Support for the notion that anorexia might be a useful 
Predictor came -from data which indicated that the size of aversions 
produced by D and 1-isomers of amphetamine corresponded to the degree 
of anorexia produced by both substances; d-amphetamine resulted in an 
aversion and adipsia which was four times greater than that of 1-
amphetamine (Carey & Goodall, 1974). The utility of such a predictor, 
how~ve~ has been brought into qu~stion by experiments which show that 
some drugs produce severe anorexia ~nd no aversions (Martin & Storlien, 
1976) and by experiments which reveal that some chemicals such as 
chlordiazepoxide stimulate eating and also produce food aversions 
(Cappell & LeBlanc, 1976). 
The other general attempt to account for the generation of food 
aversions is based on the idea that any novel change in the animal 1 s 
internal state is aversive and will lead to the avoidance of food. This 
notion is consistent with findings which reveal that dosages of psycho-
active drugs, which animals wfll self-administer; can produce food 
aversions upon initial presentation (Cappell & LeI3lanc, 1976). It is 
also consistent with findings which show that habituation to a particular 
' 
, poison attenuates the food aversion that can subsequently be produced 
by it and other substances (e.g., Braveman, 1975a). As a general 
explanation it runs into difficulties. The induction of some novel 
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states does not result in food c1 1:ers1ons being formed. For example, 
severe changes in animals' inte 111al state with substances such as 
metrazol (Ahlers&. Best, 1972; Millner & Palfai, 1975), strychnine 
(Berger, 1972) ammonium sulfate, arginine hydrochloride and glucose 
(Martin & Storlien, 1976) do not lead to food aversions. 
j 
These considerations point to a gap in our understanding of the 
nature of the consequence 1n food aversion learning, even if this absence 
of an understanding parallels that of more conventional learning para-
digms. As was pointed out by Gamzu (1977), the nature of reinforcers 
is a question which is seldom addressed within the area of animal 
learning. Therefore, our inability to predict the effective agents 
for food aversion learning 1s not unique to that literature. 
Stimulus and Consequence Dynamics 
One of the first issues to consider when looking at the inter~ 
action between stimuli ·and consequences is the effect of presentation 
order. In conventional learning both the stimulus and the consequence 
have distinct onsets and offsets which may be measured. So far, however, 
(Mackintosh, 1974, p. 60) there is littl e reason to believe that backward 
conditioning can occur (i.e., animals do not seem to form conditioned 
responses to neutral stimuli when the consequences precede those stimuli). 
Demonstrations of backward conditioning in conventional learning paradigms 
even where they do occur, are not very impressive; associations are very 
weak and the ' delay between the consequence and the stimulus must be very 
short. In contrast, food aversion learning experiments have obtained 
what appears to be extremely good backward conditioning . . Saccharin 
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aversions have been obtained wh r· n X-irradiation· preceded saccharin 
consumption .by six hours (Barke r & Smith, 1974; Carrol & Smith, 1974) 
and good aversions have been obtained when injections of lithium 
chloride have preceded exposure to saccharin by 30 to 90 minutes (Domjan 
& Gregg, 1977). The reports indicate that the animals appear sick prior 
to the presentation of the flavour. Hence, the effect obtained is 
backward conditioning to at least · that extent. Our inability to specify 
the actual time course of ill ness, however, makes it difficult to 
ascertain whether or not actual backward conditioning is being obtained. 
It is possible that an important effect of the illness is occurring 
after fluid cbnsumption. It may be the case, then, that food aversion 
learnirrg is similar to other forms of learning in that real backward 
conditioning may be difficult to obtain. Further work on the duration 
and time course of illness 1s required before it can be determined 
whether or not this is the case. 
Another interesting characteristic of food aversion learning 
1s its speed of acquisition and its resistance to extinction. Rats 
learn to avoid the flavour of a food which has been paired with sickness 
in one trial (Revusky & Garcia, 1970). This differs slightly from most 
conventional learning experiments in which multiple training trials 
are required. It is comparable, however, to other data which reveal 
that animals learn passive avoidance tasks in one trial (Watts & Mark, 
1971 ). Hence the facility with which rats learn food aversions is not 
, unique . Fuithermore, multiple training trials in a food aversion 
paradigm produces the same effect that one finds in conventional 
learning paradigms . Increased number of training trials produces 
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better performance and increase '. , the animals' re~istance to extinction· 
(Garcia, et al., 1966; Grote & own, 1973; Nowlis, 1974). 
Extinction in the food aversion learning paradigm is also similar 
to that of conventional learning. Animals typically stop making the 
learned response if the consequence is not presented again. This effect 
has been repeatedly demonstrated in conventional learning paradigms 
(Mackintosh, 1974, Chapter 8) and has also been reported for. food aversion 
learning (Chambers, 1976; Grote & Brown, 1973; Nowlis, 1974). The 
absence of any systematic examination of extinction of food aversion 
learning makes it difficult to ascertain whether or not the distribution 
of extinction trials, the magnitude of the consequence,and the delay of 
reinforcement influences the extinction of taste aversions in a fashion 
similar to conventional learning. It is possible that food aversion 
learning may operate differently with regards to how learning parameters 
will affect the rate of extinction. 
The remaining discussion on the dynamics of taste and sickness 
interactions will deal with manipulations which are used in conventional 
learning to elucidate the role of experience in learning. The findings 
to be reported indicate that the associative rules are comparable. 
One of the first learning effects demonstrated within a food 
aversion paradigm was latent inhibition. Animali di~ not form an aversion 
to a familiar solution as readily as they formed an aversion to a novel 
so 1 u ti on ( Rev us k y & Bed a r f , l 9 6 7 ; S i e g e l , l 9 7 4 ; l~ i t t l i n & Bro o ks h i re , 
1968). For example, Siegel (1974) showed that animals which were given 
a single exposure to saccharin or coffee prior to the conditioning day 
did not form as good an aversion as did animals which had not been pre-
183 . 
exposed to either coffee or sacrh arin. This finding 1s consistent with 
data reported by investigators ul10 have examined the effects of fam iliar-
1z1ng animals with tones and lights (Lubow, 1965; Schnur, 1971). 
The ~ffects of familiarity have been examined under a variety 
of situations in the food aversion paradigm. It has been shown that an 
irrelevant familiar taste interferes less than an irrelevant novel taste 
with the acquisition of an aversion and that _familiarizing the animal 
with the taste after conditioning does not have any effect upon the 
size of the aversion displayed to the other taste (Revusky, Parker, & 
Coombes, 1977). These two findings were also obtained in conventional 
learning paradigms; a familiar external stimulus interferes less than 
a novel·stimulus with conditioning of a second novel stimulus (Carr, 
1974) and familiarizing an animal with one of two stimuli after con-
ditioning does not affect the animal's response to the other stimulus 
(Kamin, 1969; Rizley & Rescorla, 1972). 
Familiarizing animals with the sickness produces effects which 
are similar to those observed when one repeatedly exposes an animal to 
an external aversive stimulus. Animals tend to form weaker aversions 
if they have been exposed to the sickness prior to taste-sickness 
J' pairings ·(Braveman, 1975a; Gamzu, 1977). Similarly, animals do not 
associate external stimuli with external consequence-s as readily when 
they have been exposed to the consequence (Mis & Moore, 1973). 
I I Investigators who have examined conditioned inhibition have also 
, shown the pervasiveness of familiarity while demonstrating another 
important similarity between food aversion learning and conventional 
learning (Best, 1975; Taukulis & Revusky, 1"975). Best (1975) produced 
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a saccharin aversion by pairing saccharin consumption with injections 
of apomorphine. Additional gro ups were either poisoned alone or simply 
exposed to saccharin . All animals were subsequently given a brief 
exposure to saccharin and this exposure was followed by 10 minutes 
exposure to saline or casein hydrolysate. The animals which had saccharin 
paired with sickness displayed a preference for the saline or casein , 
hydrolysate relative to novel vanilla or familiar tap water during later 
preference tests. The other groups did not. These data reveal con-
ditioned inhibition since the pairing of casein or saline with saccharin 
resulted 1n a preference for them only when saccharin was considered 
aversive. Of equal importance was the demonstration that familiarizing 
the rat-s with the casein or saline prior to pa1r1ng it with the aversive 
saccharin eliminated the effect. Hence, it appears that familiarity 
with a flavour not only prevents it from being associated with sickness 
but also prevents it from being associated with the absence of sickness. 
These data replicate those obtained by Rescorla (1969) who also showed 
that familiar stimuli are not easily· associated with consequences or 
their absence. 
The presence of conditioned inhibition was conclusively demon-
strated by raukulis & Revusky (1975). They satisfied the two criteria 
set down by Rescorla (1969) for its demonstration and also satisfied 
a third criterion for its existence. They made the odour amyl acetate 
a conditioned inhibitor by pairing a saccharin solution, bu t not t he 
combination of saccharin and amyl acetate, with sickness . Th ey t ested 
for the conditioned inhibition properties of amyl acetate by usin g t he 
summation test. This was done by making a second solution, HCl, av ersive 
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by also pairing it with sicknes ·. They then tested three ~roups for 
their aversion to the taste of flC l; one group was given HCl alone, 
another group was given HCl along with the amyl acetate which was the 
putative conditioned inhibitor, and a final group was given the HCl 
and amyl acetate which was familiar to the animal but had not been made 
a conditioned inhibitor. The group which had been trained to consider 
amyl acetate a conditioned inhibitor displayed the weakest aversion 
to HCl thereby demonstrating the existence of conditioned inhibition. 
The second criterion prescribed by Rescorla (1969) was also satisfied 
since Revusky and Taukulis showed that rats took longer to form an 
aversion to a~yl acetate when it was a conditioned ihibitor. A third 
indication that amyl acetate v1as a conditioned inhibitor was a demon-
stration that its presence facilitated the association of a novel taste 
with sickness. A similar effect had been reported by Rescorla (1971) 
when examining rats' ability to associate tones and lights with electric 
shock. 
Another illustration of the sensitivity of food aversion learning 
to the interaction between stimuli and consequences comes from a study 
that looked at the effects of partial reinforcement (Luongo, 1976). 
Previous investigators had shown with both classical and instrumental 
conditioning techniques that a continuously reinforeed cue reduced the 
amount of conditioning to a partially reinforced cue; animals that had 
Tone l - Light and Tone 2 - Light followed by reinforcement 50% of the 
, time showed better ~onditioning to the light than did a group which had 
Tone 1 - Light followed by reinforcement all of the time and Tone 2 -
Light never followed by reinforcement (Wagner, Logan, Haberlandt, & Price, 
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1968). This 1t1as interesting ber_ , use in both cases the light had been 
reinforced 50% of the time. Lu r-ri go performed the same experiment us ·ing 
flavours and sickness . Two groups were given respectively, saccharin 
and wintergreen, and saccharin and cinnamon. In t~e case of one group 
poisoning followed consumption of both solutions 50% of the time. The 
other group was poisoned each time it was given one solution and never 
when it was given the other solution. One control group wa s given 
saccharin alone wi th poisoning occurring 50 % of the time. Another 
control gro~p was exposed to the mixed iolutions but was never poisoned. 
The data obtained revealed that the group that had been poisoned 50% 
of the time after consumption of each solution showed an aversion to 
sacchar1n which did not disappear after seven trials. The other group 
that was consistently poisoned following consumption of one mixed 
solution showed weaker aversions to the saccharin on the first test 
trial and was comparable to the control group by the third test trial. 
The group that was poisoned to saccharin alone ·SO% of the time displayed 
an aversion which did not disappear over seven days. Luongo replicated 
these findings when controls for the reinforcement schedule and amounts 
of fluid consumed were included, thereby showing that the taste aversion 
paradigm can be used to examine complicated interactions between stimuli 
and consequences. An additional observation made by Luongo, which was 
consistent with other learning effects (Rescorla & Wagner , 1972), was 
that animals that had been consistently poisoned after consumption of 
one solution maintained their aversion longer than did anin1a l s which 
had been poisoned 50% of the time following consumption of one solution 
and then the other . 
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Another demonstration of the effect of a previous reinforcement 
schedule on subsequent learning i s blocking. Kamin (1969) reported that 
prior pairing of a tone with shock enabled the tone to block the associa-
tion of a light with shock when both stimuli were subsequently presented 
in compound prior to the occurrence of the shock. Revusky (1971) 
reported a s i mi 1 a r effect when · us i n g a food avers i on par ad i"g m . He 
paired either coffee or vinegar with - induced sickness. A novel saccharin 
solution and either coffee or vinegar were presented to the animal and 
were followed by sickness. The aversion displayed to the saccharin 
was weaker than the aversion which would have been shown if the vinegar 
I 
or coffee had been novel. A related effect which has been· demonstrated 
1n both .. conventional (Kamin, 1969) and ·food aversion learning (Revusky, 
1971; Revusky, et al., 1977) is overshadowing. Revusky (1971) gave 
rats a 0.2% saccharin solution which was followed by various concentra-
tions of vinegar (0.0%, 0.5%, 1.5%, and 4.0%). Exposure to both solutions 
was followed by poisoning. The data obtained revealed that the more 
intense the vinegar the weaker the aversion to the saccharin, thereby 
demonstrating overshadowing. 
It has been claimed that blocking and overshadowing are more 
easily obtained in conventional learning than in food aversion learning 
(Revusky, 1977). The evidence for this is the faillire of some investi-
qators Lo obtuin ov . rsh0dowin9 (Kc.1lat & l<ozin, 1971) c1.nd blockin9 (Ku lclt 
& Rozin, 1972). These failures may be indicative of d·iffercnces in 
parameters between taste aversion learning and other forms of learning. 
For example, in the case of overshadowing, the magnitude of the effects 
of the poison probably contributes to the animals forming substantial 
I , 
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aversions to both solutions, th ,· eby masking the effect. In the case 
of blocking experiments the ani 11 1als probably do not consume much of the 
aversive flavour with the attendant result that the amount of blocking 
is reduced. Variations in parameters such as these may have contributed 
to the absence of successful demonstrations by these investigators. In 
any case, these difficulties suggest that a substantial amount of 
experimental work is required if one is to determine whether or not 
there are actual differences. 
Higher order conditioning and sensory preconditioning are two 
phenomena which further illustrate that there may be a great deal of 
similarity in ' learning processes across learning paradigms. Hig_her 
order conditioning has been repeatedly demonstrated in conventional 
learning experiments (for review see, Rescorla, 1973). In essence, 
it consists of pairing a neutral stimulus A with some other stimulus 
B which previously has been repeatedly paired with some consequence. 
The effect of pairing stimulus A with Bis that the animal makes responses 
to A that were made to B. Bond and Harland (1975b) demonstrated this 
effect with rats in a taste aversion paradigm. They exposed rats to 
5 drdps of NaCl and followed this with poisoning. A second group 
received the same treatment with the exception that the poisoning was 
given 24 hours later. Only the first group showed in aversion to the 
NaCl. Animals were then exposed to 5 drops of saccharin followed by 5 
drops of NaCl. Subsequent preference tests revealed that the ani ma ls 
which considered the NaCl aversive displayed an aversion to th e sacchari n 
owing to its having been paired with NaCl, thereby showing higher order 
conditioning. 
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Sensory preconditioning ·s a similar learning effect which has 
been demonstrated in most learn i 1g paradigms (Brogden, 7939; Thompson, 
7972). It consists of three stages: (l) two stimuli are repeatedly 
paired in 'the absence of any explicit consequence, _(2) the second of 
the two stimuli is then paired with some consequence, and (3) tests are 
performed to see if the first stimulus elicits any of the responses that 
were conditioned to the second stimulus. The successful obtaining of 
any responses is taken as evidence that sensory ·precon~itioning. has 
occurred . Lavin (7976) exposed rats to saccharin followed by coffee 
for five trials. Orr a later trial -consumption of either coffee or 
vinegar was fbllowed by an injection of lithium chloride. On the test 
day, arrimals were given a choice between sac·charin and distilled water. 
The animals which had coffee paired with sickness displayed an aversion 
to the saccharin thereby showing that sensory preconditioning could be 
demonstrated using a taste averston procedure. 
These data support the suggestion that food aversion learning 
1s a useful preparation (Revusky, 1971) and are in conflict with the 
notion that food aversion learning is primitive and independent of 
traditional effects (Kalat & Rozin, 7972). These similarities gave 
investigators a reason to telate the interesting properties of food 
aversion learning to conventional learning. Presumably, insights about 
learning laws which have been gained from food avers ion conditioning 
might be used to elucidate conditioning principles in general and might 
be tested iri conventional paradigms. The transportability of insights 
would provide further evidence that the underlying processes for con-
ditioning were the same. The next section will examine two of t he 
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contributions to learning theor) which have been provided by work on 
food aversions; the formation of association~ over delays and stimulus 
relevance. 
Theoretical Concerns of Food Aversion Learning 
Delay Gradients 
It was pointed out in the historical section of this review 
(pp. 169-l70)thatrats readily associate the taste of food with induced 
sickness when delays of several hours intervene between the two events. 
This learning 'e ffect, unlike those mentioned in the previous section, 
appears~to contrast dramatically with findings from conventional learning. 
The general finding, when attempts are made to get animals to associate 
either stimuli or responses with positive or negative reinforcement 
over delays, was summarized by Mowrer (1960): 
Although the experiments here reported are not 
beyond possible criticism and alternative inter-
pretation (cf. the Spence-Grice hypothesis), the 
results converge in suggesting that all gradients 
of primary reinforcement, both decremental and 
incremental, cover an interval of something like 
three-quarters of a minute, at most. (p. 384) 
This statement is consistent with the belief of many prominent learning 
theorists (e.g., Hull, 1952, p. 132; Logan, 160, ·p. -44; Skinner, 1938, 
p. 139; Spence, 1947; Thorndike, 1913, p. 4). The data used to support 
the notion that animals have difficulty associating responses or stimuli 
with consequences over delays of a few seconds was quite extensive. For 
example, Grice (1948) performed an experiment in which he had animals 
make a black-white discrimination with selection of the white arm of a 
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T-maze followed by reinforcemen 1 . Each animal was trained to run down 
a straight alley and was then r e1 uired to choose the white or the black 
arm of the maze. The two arms of the maze lead into a grey waiting box 
which in turn lead into a grey goal box. Different groups of animals 
were required to spend different periods of time (0.0, 0.5, 1.2, 2. 0 , 
5.0, and 10.0 seconds) in the waiting box. After the delay the . animal 
entered the goal box; if the animal had chosen the white arm of the maze 
it was reinforced; if it -had chosen the incorrect arm of the maze it was 
not. The data obtained revealed that it was highly unlikely the animals 
could learn this task when delays of more than 5 seconds intervened 
between selection of the white arm of the maze .and reinforcement. 
Comparable effects were reported when the learning preparation was the 
movement of a bar for food (Perin, 1943), running down an alley for 
food (Logan, 1960, pp. 45-52), or the sounding of a buzzer to signal 
the occurrence of electric shock in an avoidance task (Kamin, 1954). 
In addition, many other experiments which were variations on this theme 
demonstrated essentially the same effect (for summaries see, Mackintosh, 
1974; Mowrer, 1960; Spence, 1956). 
Repeated failures were congruent with investigators' under-
s ta n d i n g of as s o c i a ti.on f o rma t i on . l~ as h burn ( l 9 3 6 , p . 71 ) he l d that 
contiguity would probably be necessary as a derivatjon of the 11 law· of 
rr.c)ncy. 11 Thr notion thc.tt recency was c1 br1sic law wac; rejected but 
the n.eccJ for cont ·igui ty was sti 11 seen as ncccssury ror lct1rn ·in9 (llul l, 
1943, p. 135;. The result of this was an acceptance of the notion that 
conditioning would not happen if the stimulus trace was not present at 
the time the consequence occurred (Hull, 1943, p. 143; Mowrer, 1960, 
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p. 360) unless something was us 1d to mediate the .delay. This position 
was criticized by Spence (1947) who held that there was no apparent 
need to reduce our behavioural phenomena to "physiological determinants" 
and that the . formation of associations over delays when they occurred 
reflected mediation by secondary reinforcement. 
The theoretical treatment of animals' ability to associate 
events when delays intervened took a dramatic step forward when the 
findings from food aversion learning, which were reviewed earlier, 
revealed that animals could associate events when delays of hours 
intervened. The various explanations of this phenomenon will be 
reviewed in the following pages. The available information indicates 
that ncme of the explanations offered to date is perfect though each 
contributes to our understanding of delay gradients. 
Revusky (1971) noted that the above considerations made it 
appear that associative memory, unlike retentive memory, was extremely 
short lasting. He went on to point out that such a distinction was 
not consonant with the data from taste aversion learning, where delays 
of several hours had been shown to be incapable of preventing associative 
memory , and with data from rats 1n runway studies (Capaldi, 1971). In 
the later case, rats had been shown to be capable of using information 
acquired on a trial which had occurred 24 hours ear~ier. Revusky 
suggested that previous theorists and experimenters had looked at the 
effects of delays improperly. He believed it might be better to 
determine why animals failed to associate stimuli with consequences 
over delays rather than attempt to evaluate factors which facilitate 
the formation of these associations. The major factor which prevented 
193. 
associations over delays was th effect of competing stimuli; animals 
failed to associate the stimulus and the consequence which were picked 
by the experimenter for examination because they associated other events 
with the stimulus or the consequence. Animals were more likely to 
associate two stimuli if they were closer together in time because .of 
a reduction in the number of potentially competing stimuli. Hence, delay 
gradients in all learning situations were a function of the number of 
stimuli which competed for association; the more stimuli that were 
associated with the two events selected by the experimenter the weaker 
the association. 
Revusky's theory contrasts with positions which claim that events 
are not·associated when delays intervene without the presence of secondary 
reinforcement (e.g., Spence, 1947): It gives considerably more importance 
to interfering events than Had most theorists (Mowrer, 1960, p. 377). 
It also deals with a greater number of learning situations that did 
attempts to explain delay gradients 1n terms of one type of event such 
as competing responses (Spence, 1956, pp. 152-164). 
An important part of Revusky's theory concerns specifying what 
would contribute to making a particular event interfering. The basic 
rule was that any event which could be readily associated with the 
stimulus or the consequence could produce interferen£e. Hence, all the 
r U 1 C S O f l C u ni-i n ~ W h i c h a f f CC t th C l ·j k l i h O o cl O f o n c C V n t b C' i n 0 c1 s S o C i cl LC rl 
w i L h an o L h c r co u 1 d be us e d to µ red i c t th c a 111 o u n t o f i n t c r r c r c n cc . 1-o r 
example, stimuli which were familiar to an animal would produce less 
interference than would stimuli which were novel. One other factor of 
considerable importance was the relevance of interfering events to either 
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the stimulus or the consequence . The more relevant an event to a stimulus 
or consequence the more likely ·j t would be for it to produce interference. 
This notion will be dealt with 1n more detail in the next section of 
this review . . For the purposes of Revusky's theory, relevance was another 
learning parameter which determined whether two events were likely to 
be associated. 
Through this theory, Revusky could explain the ease with wh ich 
investigators obtained associations over delays in a food av ers ion 
paradigm and the difficulty of obtaining associations when delays 
intervened between the stimulus and consequence in most other learning 
situations. tn the case of food aversion learning with the rat there 
were vety few stimuli other than taste which were relevant to sickness. 
The result was that associations over delays could be formed because 
very few competing associations were set up. In contrast, studies 
which involved the pairing of stimuli such as tones, lights, or responses 
with events such as food or electric shock had many potential stimuli 
which could compete for association, with the result that long del?YS 
could not be obtain ed. 
Deliberately interposing relevant events between consumpti 'on of 
a novel taste and sickness did indeed reduce the degree of the association 
(Revusky, 1971 ). Removing all interfering events by anaestheti zi ng the 
an i ma ls allowed th en1 to associate a ta ste with sickness when delays of 
) up to nine hours intervened (Rozin & Ree, 1972) . 
, Lett . (1973) argued that according to Revusky's theory, elilllination 
of the interfering events between a res ponse and a food reinforcement 
should enable animals to make an association over long delays in a con-
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ventional learning situation. ()1 1e way to eliminate interfering events 
was to remove the animal from t h~ learning situation after it had made 
a response whether it was correct or not. This would reduce interference 
since the animals could treat the time out of the apparatus as different 
from the time in the apparatus. Her animals were required to make a 
black-white discrimination 1n a T-maze. They were removed from the maze 
immediately after they had chosen one of the arms of the maze. They were 
returned to the start box after a delay of 0.5, l .0, 2.0, 4.0, or 8.0 
minutes. The animal was rewarded 1n the start box if it had made a 
correct choice. An incorrect choice was followed by another trial. 
Animals learned to make the correct choice when a delay of eight mi nutes 
intervened. This finding was demonstrated several times in the paper 
and was consistent .with Revusky's explanation of delay gradients. 
Apparently, reducing the number of interfering events enabled the animals 
to make the association over the delay. One could not attribute the 
effect to stimuli or responses mediating the delay because the same set 
of events followed both correct and incorrect responses. Nor could one 
account for the findings by claiming that traces of the stimuli lasted 
throughout the delay. Previous studies (e.g., Grice, 194~) indicated 
that such traces do not last more than a few seconds. 
Further work, using Lett's method, revealed that rats could 
l earn a left-right discrimination when~ delay of sixty 111inutes was 
e111p loyed (Lett, 1975). She also showed that the ani111als failed to learn 
. 
the discrimination if they remained in the T-maze for as little as fifteen 
. s econ d s after ma k i n g the i r ch o i c e ( Lett , l 9 7 5 ) . Th i s l a t er f-i n d i n g i s 
consistent with an interpretation of long delay learning which is based 
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on interference. The rats trea i cd events which occurred in the maze 
as relevant to reinforcement. T~1 e additional fifteen seconds in the 
maze after the choice of the correct or incorrect arm allowed additional 
events to occur which prevented the rats from associating the experi-
menter chosen event with reinforcement. 
Other investigators have obtained similar results in T-mazes 
(Denny, 1974, cited Lett, 1977) and in a runway experiment (Revusky, 1974J. 
One repofted failure to obtain an association over a delay when Lett 1 s 
procedure was used (Roberts, 1976) was demonstrated to be consistent with 
her observations upon subsequent data analysis (Lett, 1977). 
Revusky's interpretation of delay gradients does not exclude 
the impnrtance of stimulus traces and mediating events. Rather, their 
role in explaining delay gradients has been reduced while the importance 
of previously unconsidered factors has been increased. 
The above interpretation is not the only attempt to explai'n 
learning when delays occur. Several theorists consider food aversion 
learning as unique and have attempted to account for the effects obtai~ed 
without much consideration of typical learning. The other approaches to 
the problem can be divided into two basic types: First, some writers, 
notably Testa and Ternes (1977), Solomon (1977), Thompson (1976), and 
Gormezano and Kehoe (1976), have attempted to operate within the laws 
of learning without recourse to a notion such as stin1ulus relevance when 
offering explanations of the delay gradient; Second, other writers, such 
as Kalat and Rozin (1973) and Mitchell (1978), have argued that food 
aversion learning is unique and that this allows one to develop theories 
which account for delay gradients in this but not necessarily other 
preparations . 
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The maJor alternative e;·planation of delay gradients is the 
learned safety .explanation (Kal at & Rozin, 1973). They suggested that 
a stimulus, a food or liquid, when consumed, resulted in the animal 
learning that a particular food did not predict any consequences. The 
passage of time was important for learning that the ingested substance 
was not predictive and it was assumed that an association between the 
taste and the absence of any event interfered with the taste-sickness 
association. Initially, the theory was used to claim that the animal 
learned that the flavour was ·safe. Recent work ·has revealed that the 
animals do not treat the flavour as safe, rather they appear to treat 
' it as irrelevant to sickness. This point was made most clearly by Best 
(1975) who showed that exposure to a taste in the absence of sickness 
d i d no t res u l t i n the an i ma 1 treat i n g i t as a s a f e t y s i g n a l . Rather , 
the animal treated the taste as irrelevant; it had difficulty associating 
the familiar taste with either the presence or the absence of sickness. 
Most of the data which have been collected 1n support of a learned 
safety explanation are consistent with the well known finding that famili-
arity with a stimulus influences the animals treatment of it. These 
data are : (l) Animals display a reduction in neophobia after a single 
exposure to a taste (Domjan, 1977; Siegel, 1974); (2) Animals do not 
readily associate a familiar taste with induced sickness (Revusky & 
8cdarf, 1967); and (3) 11ats rc1nc111bcr for at least 21 cJay s th a t th ey have 
been previously exposed to a particular taste (Kalat & Ro zin, 1973). 
Although these data do not test a learned safety explanation they are 
consistent with it, as they are with other explanations of the fa miliarity 
effect (e .g., Lubow, 1973; Mackintosh, 1975) . 
I· 
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The only evidence which ) ppears to provide direct support for 
a learned safety explanation ha r. been disputed. Rats that were poisoned 
four hours after drinking a novel solution showed a weaker aversion than 
animals that -were poisoned a half hour after cansumption (Kalat & Rozin, 
1973) . A learned safety expla~ation attributed this difference to the 
learning of safety with the passage of time. In order to test this 
notion, Kalat and Rozin included a group which drank the novel solution 
both four hours and a half hour before poisoning. This group di·splayed 
an aversion which was comparable to the group which had received one 
exposure to the saccharin four hours before poisoning. They argued 
' that this effect was consistent with a learned safety explanation in 
that reintroduction of the taste one half hour before poisoning was 
not adequate to overcome the learned safety effect, although the animal's 
memory of the taste at the time of sickness should have been comparable 
to that of an animal which had a single exposure thirty minutes prior 
to sickness. It appeared that with the passage of time the animals 
learned to treat the flavour as safe and did not readily associate it 
with sickness even though a second exposure had occurred shortly before 
. . po1son1ng . 
Two lines of evidence indicate that this interpretation 1s 
dubious . Comparison of groups that were exposed-' to the taste once or 
twice without being poisoned revealed that two exposures increased the 
animals' preference for the flavour (Domjan & Bowman, 1974). Hence, a 
supposedly crucial difference between the group exposed to the novel 
solution one half hour before poisoning and the group that had been 
exposed both four hours and a half hour before poisoning in Kalat and 
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Rozin's study could be attributr·cl to the effect of two exposures rather 
than to the passage of time. Ma11i pulation of the time that intervenes 
between exposures to the taste as well as between exposures to the taste 
and sickness .also presents problems for a learned safety explanation 
(~ummarized by Best & Baker, 1977). For example, the effect of taste 
exposures 1s non-monotonic in that one finds decreases in the size of 
the aversion when intervals up to three and one half hours intervene 
between the first and second presentation of the taste. The aversion 
gets stronger when intervals greater than three and one half hours is 
used. 
It appears, in the light of the above considerations, that 
learned·safety may be a useful way of conceptualizing the effects of 
familiarity and an inappropriate way of analyzing animals' ability to 
form associations over delays. The only data which appear to support 
the theory are open to other interpretations and as a theory it can 
only account for delay gradients in food aversion learning and not 1n 
other preparations. 
Another explanation of delay gradients in food aversion learning 
has been proposed by investigators who are interested in neophobia, 
enhanced neophobia, and habituation of neophobia to novel tastes 
(Mi t ch e 11 , 1 9 7 8 ) . Mi t ch e 11 ' s theory i s s i rn i 1 a r -to 1 ea r n e d s a f et y w i th 
the notable exception that it attempts to account for the formation of 
' 
aversions when long delays intervene between the taste and sickness 
through non-associative factors. According to this approach a rat 1s 
neophobic to novel flavours and with the passage of time after the 
initial exposure this neophobia disappears owing to habituation. 
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Poisoning the animal during thi c period of habituation results 1n dis-
habituation or sensitization. lh is enhanced fear is the cause of the 
apparent learned aversion. 
Exper.imental support for this theory comes from two experiments 
(Mitchell, Parker , & Johnson, 1976; Mitchell, Scott, & Mitchell, 1977). 
Thirty rats were divided among three groups and were given access to 
a 0.1 % almond solution. One group was injected with lithium chloride 
and another group was injected with physiological saline immediately 
after fluid consumption. The t~ird group was injected with lithium 
chloride four hours after fluid consumption. The three groups were 
divided equally on the test day such that half were given a choice 
between·familiar almond solution and tap water while the other half 
were given a choice between a novel maple .solution and tap water. The 
data obtained were consistent with the interpretation of delay gradients 
proposed by Mitchell; animals which had been poisoned shortly after 
flui ·d consumption avoided both the novel maple and the familiar almond 
solution while animals which had been poisoned four hours after removal 
of the almond solution manifested avoidance of the novel maple but not 
the almond. According to their analysis, the animals in the four hour 
delay group had been given the opportunity to habituate to the almond 
with the attendant result that an aversion was not displayed. In 
conLri1~L, UH• novc'lLy of I.he 111,,ple ';olt1Lion c:c111l>in,~d wiLll Llir. 1,c 1n<,iLi?i1-
tion produced by the poison and lead to an upparcnt uvers1on. /\ 
subsequent experiment demonstrated essentially the same effect (Mitchell 
et al., 1977). Animals which were given saccharin and poisoned immediately 
formed an aversion which lasted ten days. Animals which had been poisoned 
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six hours after saccharin consur11 11 tion showe d less · of an aversion than 
did the group which was poisoned immediately. The delayed saccharin 
group also showed less of an aversion that did the groups which had 
been poisoned after consuming tap water. Once again, it appeared that 
the novelty of the saccharin and the sensitization produced by the 
illness resulted in a greater aversion than following saccharin by a 
delayed illness. They claimed that the apparent aversion produced 1n 
the group which had saccharin could be attributed to dishabituation 
rather than to an association of saccharin with illness. 
A number of problems are apparent with Mitchell's interpretation 
' 
and experimental procedure. He employs a habituation-dishabituation 
explanation without considering the paramet~rs of the phenomenon he is 
using as an explanation. Contrary to Mitchell's suggestion, habituation 
disappears with the passage of time rather than increases (Groves & 
Thompson, 1970). Furthermore, dishabituation is a transitory effect 
(Groves & Thompson, 1970) and cannot easily be used to explain the 
permanent aversion that is formed by delayed illness . The performance 
of groups which are poisoned at varying delays is not examined by 
Mitchell. Nor is it clear how one can compare the behaviour of an animal 
which is familiar with saccharin and poisoned several hours later with 
an animal that has only been poisoned and never exposed to saccharin . 
The combined effects of neophobia and sensitization could be different 
from the effects of sens itization alone. These problems make it 
difficult to ascertain the consistency of the model with the sy-ste111atic 
effects which are typically produced in delay gradient experiments. 
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Mi t ch el l I s s u g g es ti on t 11 c=, t th i s model ha s a s p e c i a l advantage 
over others because it avoids t i e problem of postulating a specialized 
associative mechanism is incorrect. Revusky's interference theory does 
not postulate a specialized learning mechanism and can account for the 
avoidance of saccharin by animals that were poisoned after tap water 
with the known learning effect of sensitization. It appears, then, 
that additional experimentation will have to be carried out before one 
can accept Mi t ch el 1 1 s exp l an a ti on of de 1 a y grad .i en ts . 
Several investigators have suggested that there may be something 
unique about taste and sickness which enables the animal to associate 
I 
them over delays. According to these investigators, the qualitative 
similarities between taste and sickness and the probable longer duration 
of a memory trace of the taste allows for associations over long delays 
(Krane & Wagner, 1975; Thompson, 1976). Other explanations along these 
lines are based on the proposition that the aftertaste of a novel 
flavour lasts long enough for it to be associated with delayed sickness 
(Bitterman, 1975). It has also been suggested that both taste and 
sickness can be cla ss ified as unconditioned stin1uli with the attendant 
result that the rules for associations are different; unconditioned 
stimuli can be associated when long delays intervene between them 
(Solomon, 1977). In other words, the increased ~ignificance of stimuli, 
:-l1Ch c.l'i rood, c; ickrl C:, . , onu · lcctri c;hock , wfl ·ich cl ici t nc1turt1l rc,c;pon<;C'S 
increases the ease wiLh \vhich they can be associ<1Led ov~r ci~lays. 
Another explanati,on of delay gradients which 1s si111ilar to 
those mentioned above has been described in some detail (Testa & Ternes, 
1977). They claim that several factors contribute to the ease with 
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which animals associate taste wi t h sickness. Throughout the animal's 
life, the properties of food ar _ consistently paired with the natural 
consequences of ingestion. Other events in the environment are not 
reliably cor~elated with food and consequently ·are not correlated with 
the physiological effects of ingestion. Tastes are usually more novel 
than most internal stimuli which also facilitates their association with 
induced sickness. _Their analysis means that the animal associates the 
novel taste with the food or fluid consumed. This association is 
associated with the consequences of ingestion. If sickness occurs at 
some reasonable time during the occurrence of these physi·ological con-
sequences, an 'aversion wil l be formed owing to the mediation provided 
by the tnternal changes between consumption and sickness. 
'This theory, like the others mentioned earlier, has trouble 
accounting for the ability of rats to associate external events with 
delayed consequences when there do not appear to be any mediating events 
apparent. A more direct test of Testa and Terne's theory is provided 
by data which reveal that changes in post-ingestional consequences do 
not have any effect on a rat's association of a taste with sickness over 
a delay of six hours (Deutsch, Dav{s, & Cap, 1976). They compared groups 
that were allowed to consume casein hydrolysate and were poisoned at 
various times after consumption with groups that-were treated similarly 
with the exception that the casein solution was removed from their 
stomachs after ingestion . The results revealed that the animals showed 
comparable aversions. 
It is possible to argue that the animal has some mental repre-
sentation of the after effects of fluid consumption and it is these 
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which mediate the delay. Such u proposition, however, would not be 
much different from claiming thot the animal remembers the novel taste 
and manages to associate it with sickness when a long delay intervenes. 
In fact, the former explanation would requ1re the animal to be aware of 
many more arbitrary events which would mean that the process would be 
considerably more complicated than it now appears. 
A further approach to delay gradients has been provided by 
Gormezano and Kehoe (1976) . . Their analysis, unlike the others, 1s 
based on the type of learning task involved. They suggest that food 
aversion learning 1s a transfer learning situation rather tha·n either a 
classical or {nstrumental learning paradigm. By a transfer paradigm 
they mectn that it has elements in its procedure which are common to both 
preparations. They suggest that the following of the taste by sickness 
is comparable to a classical conditioning preparation. They note, 
however, that testing for the animal's aversion to the taste while it 
is drinking is superimposing learning from a classical conditioning 
preparation upon an instrumental preparation; hence, the name transfer · 
paradigm. This analysis enables them to claim that animals' ability to 
associate taste with sickness over delays may be more apparent · than real; 
the rules for transfer paradigms have not been worked out with the 
attendant result that it is better not to make c1aims about animals 
forming associations over delays. Support for their concern in dealing 
wit.11 transfer paruc.lig111s co111es from Lhc c.le111onslrc1Lion Lhal rals sec111 
. 
capable of associating tones with shock when delays of up to a minute 
intervene (Kamin, 1969). The test procedure employed in these cases 1s 
the presenting of a tone while the animal is performing some instrumental 
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response such as bar-pressing. llence , in at least one other case, it 
appears that the combination of a classical conditioning and instrumental 
learning situation enables animals to form associations over long delays. 
The way in which a transfer explanation would deal with long delay 
learning in a T-maze is not clear. It is possible, however, that some-
thing could be worked out owing to the implementation of an explanation 
of the delay being based on the association between the choice of a 
particular arm and thi animal being handled by the experimenter. At 
present their treatment of delay gradients is only moderately useful 
~ 
in that it indicates that procedural features should be considered. 
The data and theories discussed indicate that the findings from 
food av~rsion learning have led to a reconceptualization and reconsidera-
tion of an important learning parameter. The above discussion also 
indi cates _that, at the present time, the most useful, though not complete, 
explanation of delay learning is based on interference. Stimulus relevance 
is an important feature of this explanation and of food aversion learning 
and will be considered in the next section. 
Stimulus Relevance 
Thorndike introduced the concept of belongingness when he made 
the point that two events will not be associated; regardless of the 
number of pairings, if they do not belong together (see Hsiao, 1935). 
Very little data supported such a notion and the view of most writers 
can be summarized by Hsiao (1935) who claimed that the notion of 
belongingness was not a necessary rule of learning. 
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The data reported in thr first section of this literature 
review and in the Historical see r.ion (pp . 170-171) draw attention to the 
need for a change in the point of view of learning theorists. The change 
required was one that was more consonant with th-e views expressed by 
Thorndike (1932, 1935). Hence, several investigators have discussed 
the ability of animals to make certain associations and not others under 
such rubrics as preparedness (Seligman, 1970), stimulus relevan~e 
(Capretta, 1961; Revusky & Garcia, 1970), and belongingness (Garcia et · 
al., 1966). 
These writers suggest tha·t there is an important learning 
I 
parameter which is independent of the known features of the stimulus 
and the~consequence and the interval between them. In order to ·demon-
strate stimulus relevance one must be able to show that an animal will 
associate more readily stimulus A with X but not with Y and conversely 
will as~ociate stimulus B with Y but not with X. Such a demonstration 
makes it difficult to claim that the animal is not sensitive to the 
stimuli involved and thereby indicates that the animal is treating some 
stimuli as belonging together. This type of experiment has been called 
a double disassociation experiment and has been a major feature of food 
aversion learning (Schwartz, 1974). 
Initially, a neurological model was used 1o explain the spec-
ificity of associations. Garcia and Ervin (1968) claimed, based on 
neuroanato111icc1l data from the salc1mander, that taste and sickness went 
to the same neuroanatomical structure, the Nucleus of the Fasiculus 
Solitarius . They suggested that the convergence of the two inputs cause 
the sel ecti vi ty of the associ ati ans. Other writers attempted to account 
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for the selectivity of associat io ns in terms of the properties of the 
stimuli (Krane & Wagner , 1975; -lr~ sta, 1974). These writers suggest that 
animals associated taste stimuli with sickness to the relative exclusion 
of other stimuli because taste, like sickness, has slow onset and offset 
properties. This similarity was said to facilitate the formation of an 
association between taste and sickness to the exclusion of other stimuli. 
Such explanations were called into question by demonstrations that 
animals such as guinea pigs (Braveman, 1974), monkeys (Johnson, Beaton, 
& Hall, 1975) and birds (Capretta, 1961; Gaston, 1977; Wilcoxon, Dragoin, 
& Kral, 1971) could associate visual stimuli with induced sickness. A 
' 
more comprehensive model was developed and it claimed that animals 
associate .eating-related cues with induced sickness (Rozin & Kalat, 
1971 ). So animals which use visual cues to identify food associate 
those events with sickness while animals that use gustatory and olfactory 
stimuli associate those with induced sickness. 
Two approaches have· been taken by i nves ti gators with an interest 
in the apparent selectivity of associations which have been found in rats. 
Some investigators have looked at the ability of rats to associate 
external events with induced sickness and have examined the effects of 
taste aversions on rats' responses to external events. Other workers 
have attempted to extend the findings obtained from rats to other species. 
The data col 1 ected fro·m these approaches have indicated that rats can 
use stimuli other than taste and that other species use taste as well 
~ 
as other events. The next section will review some of the work on rats' 
use of external cues and the effects of taste aversions upon their use 
of these stimuli. A later section will examine the data obtained f rom 
species other than the rat. 
I· 
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Rats 1 Use of External Cues 
Rats, besides associatin q taste with induced sickness, have been 
shown capable of associating external stimuli with sickness. Garcia, 
Kimeldorf, and Hunt (1957) used a straight alley that was approximately 
30 inches long. One compartment was flat black and had a grid floor. 
The other compartment was flat white and had a wire mesh floor. Animals 
were tested for initial preferences and the groups were matched on this 
factor. Over eight days, anin1als were alternated between black and white 
compartments. They were irradiated in one compartment and sham irradiated 
in the other. Animals, when given free access to both compartments, 
I 
avoided the compartment in which they had been irradiated thereby dis-
playing~an association between the place and irradiation. Animals were 
exposed to the irradiation for a period of five hours during each training 
session. In subsequent experiments, the duration of exposure per training 
session was reduced to five and ten minutes. Similar results were 
obtained in that the animals learned to avoid the chamber in which 
irradiation had occurred. Similar results were obtained by Arbit (1958) 
in which he showed that the spatial avoidance obtained was not based on 
the noxious odours that were produced by the rats during irradiation. 
The difficulty of obtaining place discrimination based on poisoning 
was ' demonstrated by Rohl es, Overall, and Brown (1959). They failed to 
obtain a discrimination between the place paired with irradiation and 
the place not paired with irradiation when the only cue available was 
~ 
brightness contrast of the two chambers. This finding is consistent 
with the notion that obtaining avoidance of visual or spatial cues when 
sickness is the consequence 1s not easy. 
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Sickness-inducing agent '. · other than radiation have been used 
to induce place aversions in ra ~s . Best, Best, and Mickley (1973) 
performed an experiment in which animals were placed in a white compartment 
that had a solid floor, for two minutes. This was followed by placing 
the animals for an additional minute into a black compartment which had 
a grid floor. The animals were injected with apomorphine or an equivalent 
volume of physiological saline immediately after removal from the ·black 
chamber. The same procedure was repeated six hours later. On the next 
day the animals were given free access to both chambers for 30 minutes. 
The amount of time spent in the black and white chambers was recorded, 
I 
as were the number of crosses made between chambers. Crosses did not 
differ Feliably between groups and less time was spent in the black 
chamber by animals that had sickness paired with the black chamber. 
Sickness was not induced until after the animal was removed from the 
chamber. Hence, it is unlikely that olfactory cues mediated the visual 
aversion. Furthermore, it is unlikely that pheromones mediated the 
conditioning because control and experimental animals were trained and 
tested in a counterbalanced order and were not necessarily trained 1n 
the same box in which they were tested. These findings indicate that 
animals did associate the poisoning with external cues. In a second 
experiment, these investigators demonstrated that the aversion displayed 
to the black chamber could be used to produce higher-order conditioning 
1n that animals which drank novel saccharin water in the aversive chamber 
subsequently displayed aversions to that solution. 
These data reveal that rats can associate external cues with 
induced sickness but that the associations are not as readily formed as 
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those between taste and sicknes ~ as 1s evidenced by the necessity of 
more training trials and the we21ker effects. The explanation proferred 
for this was that animals have been selected such that they will associate 
internal sti~uli more readily than external stimuli with internal con-
sequences such as subsequent sickness (Garcia & Koelling, 1966; Rozin, 
1969; Seligman, 1970). 
Recently, it has been suggested that investigators fail to 
obtain rapid associations between external and internal stimuli owing 
to the animals' lack of familiarity with th~ other external cues _ in which 
the novel stimulus, which is to be associated with sickness, is _placed 
(Mitchell, Kirshbaum, & Perry, 1975). These investigators have provided 
some su~port for this hypothesis. They familiarized rats with the 
training and testing situations for either 10 or 25 days before pa1r1ng 
a novel food container with lithium chloride induced sickness. The animals 
that were familiarized with the training chamber for 25 days formed an 
aversion to the novel food cup while the other group did not. Further 
work on the ability of rats to associate a food cup with induced sickness 
has shown that an aversion can be formed with delays up to 30 minutes 
but not with delays that are any greater (Revusky & Parker, 1976). These 
rats were very fami 1 i ar· with the extraneous envi ronmenta 1 cues because 
all training and testing took place in the animals 1 ·home cage. It 
appears, then, that familiarity with the environment aids the animals · 
in associating a particular novel external stimulus with induced s -ickness. 
Such familiafity with external events, however, does not ensure that 
associations are as readily formed as those between taste and sickness. 
Support for this conclusion comes from a series of experiments by lachman, 
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Rauschenberger, and Ashe (1977) They showed that rats would associate 
the temperature of water and ai \' licking with induced sickness when delays 
of 15 minutes intervened. Furthermore, with multiple training trials, 
rats would associate the size of a drinking spout, or a jar versus a 
drinking spout with induced sickness when delays of up to sixty minutes 
occurred. Once again it is apparent that rats' use of visual cues in 
poison-based avoidance learning is rather limited since weak effects 
are obtained when factors which facilitate the formation of an association, 
such as multiple training trials and short delays, are employed. 
The novelty of the environment has also been shown to be important 
for rats' for~ation of taste aversions in other ways. Rudy, !wens, and 
Best {1977) showed . that animals habituated to illness effects to a 
greater extent when the injections of the poison had been preceded by 
placing the animals in a novel environment. It appears, then, that the 
attenuated taste aversions obtained by investigators (e.g., Braveman, 
1975a; Gamzu, 1977) who familiarized animals with. induced sickness could, 
in part, be attributed to an environmental si'ckness association. Rudy, 
Iwens, and Best also observed that a novel exteroceptive cue disrupted 
the taste familiarity effect which had been reported by several inves-
tigators (e.g., Revusky & Bedarf, 1967). They familiarized rats with 
saccharin water and then paired the familiar sac~harin with an injection 
of lithium chloride (Rudy, Rosenberg, & Sandall, 1977). They found that 
rat s wl1ich were familiar with saccharin showed a weaker aversion thiln 
did an imals \~hich were not. The taste fam iliarity effect was disrupted 
if the animals were placed in a novel environment, a black acrylic box, 
prior to saccharin exposure. Although the saccharin solution was familiar , 
I· 
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the animals formed an aversion i r, it when there was a novel exteroceptive 
cue present which could presuma~ ly have been associated with sickness 
(Rudy, Rosenberg, & Sandall, 197/). Apparently external stimuli, in 
addition to qeing associated with sickness, are_capable of influencing 
taste-sickness associations in ways that were not previously considered. 
Hence, stimulus relevance notions may have to be extended to include a 
descriptioh of the possible modulating effects of stimuli which are not 
readily associated with a particular consequence. 
Investigators, in their attempt to understand food aversion 
learning, have also looked at the effects of taste aversions on responses 
of animals to ·external stimuli. In one study by Garcia, Kovener, a-nd 
Green · (l-970) rats were trained to enter the white arm of a T-maze -in 
order to obtain saccharin water as opposed to the black arm for tap water. 
Subsequently, the animals were poisoned in their home cages after sac-
charin consumption. The animals were then tested for their perference 
for either the white or the black arm of the T-maze. The animals 
continued to enter the white arm though they did not consume the saccharin 
water. These findings indicated that over the test period used, no 
effect on responding was produced by taste aversion conditioning. Similar 
data were collected on rats which were poisoned after drinking saccharin 
in a preferred drinking location. The animals stopped drinking the 
saccharin but continued to approach the previously preferred location 
(Slotnick, Brown, & Geldhard, 1977). Another attempt (Morrison & Collyer, 
1974) demonstrated that taste cues could indeed mediate the association 
between external cues and sickness. They trained rats to press a bar 
for water in the dark while on a VI-3 schedule. Animals were subsequently 
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given saccharin or tap water wh ile in th e li ght and were either poisoned 
or not poisoned at the end of tl 1P session. This procedure vJas repeated 
three times. The animals were -ested during extinction with the ljghts 
on. The datq obtained revealed that animals that had been poisoned in 
the presence of light and saccharin showed less bar pressing than did 
animals that were poisoned in the presence of light and tap water. 
These data indicate that a novel taste cue mediated the association 
between an external stimulus and induced sickness. In a second ~xperi-
ment, they showe·d that the difference between their findings and those 
of Garcia et al. (1970) was not due to differences in the stimuli or 
responses used. Taste cues failed to mediate between external cues and 
sicknes5 when the animals were given the novel taste cue in the presence 
of the visual cue on two days prior to the days on which the taste cue 
was paired with sickness. The f i ndings from this experiment and those 
of the Garcia's et al. (1970) experiment support the notion that an 
association was formed between the visual stimulus and the taste stimulus 
prior to the pairing of the two stimuli with sickness. The association 
between the external stimulus and the solutions as reinforcers interfered 
with the taste stimulus mediating an association between the external 
stimulus and sickness. 
There appears to be one external stimulus which rats wi ll 
associate quite readily with induced sickness. They form odour aversions 
(Hankins, Garcia, & Rusiniak, 1973) and more i mportantly, such aversions 
can be formea when a delay of several hours intervenes between the odour 
and sickness (Taukulis, 1974). So at least one stimulus which has been 
clai me d to belong to the external environment (Garcia, Hankins , ·& 
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Rusiniak, 1974) can be associat rl with induced sickness over delays 
comparable to those found with t.~ste. However, it may have been possibl~ 
that the rats tasted the substance used to produce the odour in Taukulis 1 s 
(1974) study .and this enabled them to make the association over th€ 
long delays (Hankins, Rusiniak, & Garcia, 1976). Only additional work 
with anosmic rats will clarify this issue. 
Poison-based avoidance learning has also been used to determine 
the relationship between the response of killing and consumption. Rats 
which were injected with LiCl after killing and consuming mice suppressed 
consumption but did not stop killing. Killing could be · suppressed if 
the LiCl was administered immediately after the kill (Krames, Milgram, 
& Chris1ie, 1973) . In a similar experiment Berg and Baenninger (1974) 
compared food deprivation-induced killers with natural killers. They 
found that poisoning the animals after they had killed the mice stopped 
food deprived killers from eating the prey. It did not, however,· stop 
either group from killing. Other investigators have had more success 1n 
that they have suppressed mouse killing in rats by immediately following 
the kill with poisoning (O'Boyle, Looney, & Cohen, 1973) or by g1v1ng 
the mouse a distinctive odour and allowing the rat an alternative prey 
(Rusiniak, Gustavson, Hankins, & Garcia, 1976). With domesticated 
ferrets poisoning suppressed consumption of the ~rey but did not inhibit 
killing (Rusiniak et al., 1976). Killing in these two species is not 
necessarily directed towards consumption. These data are consistent 
with previous observations on the relationship between external stimuli 
and the formation of food aversions in rats. 
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The independence of kil 1 ing and consumption in rats and 
domesticated ferrets does not .h~tl d up as well in other species. 
Coyotes (Gustavson, Garcia, Han~ins, & Rusiniak, 1974), buteo hawks 
(Brett, Hankjns, & Garcia, 1976), and blue jays (Brower, 1969) stop 
consuming their prey and inhibit attacks when consumption of the prey 
is followed by poisoning. 
Studies on Animals other than Rats 
Many other species are like rats in that they readily form 
taste aversions. For example, guinea pigs (Braveman, 1974), cougars 
(Gustavson, Kelly, Sweeney, & Garcia, 1976), domestic cats (Kimeldorf, 
Garcia, .. & Rudadeau, 1960) ·, ferrets (Rusiniak et al., 1976), timber 
wolves (Gustavson, 1977), hawks (Brett et al., 1976), Atlantic cod 
(McKay, 1974), ma n (Mattlin, 1973), bears (v~ooldridge, 1975), black 
rats (Barnett, Cowan, Radford, & Pradash, 1975), wild mice (Gustavson, 
Kelley, Sweeney & Thomas, 1976), domestic mice (Capretta, 1970), gerbils 
(Pradash & Jain, 1971), golden hamsters (Johnston & Zahorik, 1975), 
pigeons (Irwin, 1976), bobwhite quail n~ilcoxon et al., 1971) and monkeys 
(Ober, 1971; Johnson et al., 1975) all appear capable of associating 
the taste of a foodstuff with induced sickness. The existence of a 
wide variety of species which associate taste wi-th sickness supports 
the contention of many writers (c.~., Garcia ct al., 1974; Rozin & 
Kalat, 1971; Seligman, 1970) that a great deal or cvolut ·iontiry o.ncJ 
ecological p~essure has been placed upon animals to consider taste cues 
relevant to internal consequences. 
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Data from experiments 011 other species indicate that visual 
aversions can be fon77ed though ti ie aversions are weaker. Monkeys 
(Ceropitheus sabaeus) associated a blue or a yellow drinking tube with 
induced sickness when thirty minutes intervened- between the two events 
(Johnson et al., 1975). It appears that the external cue was relevant 
to induced sickness to at least some extent. It is possible that 
aversions would not have been obtained with longer delays and that if 
a taste-cue had been present it would have overshadowed the colour cue. 
Support for the later comes from data which demonstrate that another 
species of monkey (Samiri sciurues) forms taste aversions much more 
. 
readily than visual aversions (Ober, 7971). Similar, but more extensive, 
data have been collected from the guinea pig (Braveman, 1974, 7975b). 
They can form an association between the colour of a solution and 
sickness when a delay of sixty minutes intervenes (Braveman, 1974). 
The visual aversions which are formed are weaker than the. aversions 
formed to a novel tasting solution and g~inea pigs form aversion to the 
taste but not the colour of a solution which has both a novel colour 
and taste (Braveman, 1975b). As in the case of monkeys, visual aversions 
can be demonstrated with this species but they are not comparable to 
the aversions formed to taste cues. Hence, it appears that taste cues 
are more relevant than are visual cues to food consequences. 
Birds are the only other group of organisms which have been 
studied in an attempt to ascertain whether external cu es can be more 
' 
relevant to internal consequences than taste cues. They associate colour 
with induced sickness more readily than taste (Capretta, 1961; Gaston, 
1977; Wilcoxon et al., 1971). These studies are rather few in number 
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and have done little more than r!i ·monstrate that some species of birds 
associate visual cues more read il y than taste with subsequent sickness. 
There has been little systematic work on birds' ability to form visual 
aversions and the data collected to date do not _provi~e conv1nc1ng 
proof that birds will associate visual stimuli with induced sickness 
in a way comparable to rats' formation of taste aversions. For example, 
Capretta (1961) gave chickens coloured food which was followed by sickness 
on nine successive days. Five out of the 10 birds changed their colour 
preferences. This shift was significantly different from the shift 
exhibited by animals which did not have sickness paired with coloured 
food. This indicates that chickens can associate visual cues with 
induced~sickness but is not comparable with the one trial long delayed 
taste-sickness associations that are formed so easily by rats. Another 
experiment which claimed to demonstrate that chickens formed one trial 
visual aversions , also had difficulties (Gaston, 1977). Chicks were 
given green sucrose water and approximately five minutes later they were 
injected with lithium chloride. These animals showed an aversion to 
the green sucrose water relative to a group that had been inj.ected with 
physiological saline after consumption of green sucrose water. The 
difference between these two groups could have been due to the animal s 
fanning an association between the green sucrose ~and sickness or could 
have been due to the sensitizing effects of lithiu111 chlorid e on an 
animal's consumption of a novel solution. 
It w6uld have been necessary for Gaston to include a grou p which 
was given non-contingent exposure to the green sucrose and the poison 
in order to control for the non-specific effect of the poi son on t est 
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day fluid consumption. Subsequ, 11 t experiments by Gaston did not do 
this so it is difficult to asce ~ ta in whether or not she had actually 
obtained a green sucrose aversion. Later experiments revealed that 
chicks did not show an aversion to a sucrose or a green solution that 
had been paired with lithium chloride. Hence, her findings do not 
demonstrate that chickens associate colour with induced sickness and 
consequently leave unanswered the question of whether or not birds 
readily associate colour with induced sickness in a way comparable to 
rats association of taste with sickness. Another experiment examined 
bobwhite quail 1 s ability to associate the colour of a solution with 
induced sickness (Wilcoxon et al., 1971). This study also failed to 
use sen$itization controls thereby making it difficult to ascertain 
whether or not a true visual aversion had been obtained. Subsequent 
experiments by Wilcoxon and his colleagues have eliminated the problem 
of sensitization controls (Wilcoxon, 1977). They have shown that quail 
w i 1 1 f o nn v i s u a 1 ave rs i on s w i th de l a y s of u p to 6 0 mi nu t es Ov i 1 cox on , 
1977) thereby unequivocally demonstrating that visual cues can be used 
by quail in the forma tion of aversions. Other studies that have examined 
th e ab i l i t y of _ha ~v ks ( Br e t t et a 1 . , 1 9 7 6 ) , pi g eon s ( I rw i n , 1 9 7 6 ) , and 
blue jays (Brower, -1969) to associate visual stimuli with induced 
sickness cast further doubt on the assertion that birds associate 
visual stimuli with induced sickness because visual stimuli are eating-
related. Irwin reported that pigeons would not form a visual aversion 
unless a novel taste cue was presented with the visual cue thereby 
supporting a suggestion by Brower that taste cues might be used as 
mediators between the visual cue and sickness. In a similar vein, Brett 
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reported that novel taste cues '"e re more readily used than were visual 
cues by hawks. These studies i ri di cate that taste is very important for 
the mediation of a visual avers ·on in some species of birds. 
The absence of long delayed visual aversions in animals could 
be accounted for in a number of ways. Guinea pigs and monkeys, for 
example, may have difficulty forming visual aversions over long delays 
simply because their visual apparatus is poor and any visual cue presented 
to them will be of low salience. Since visual stimuli for these animals 
have low salience they cannot maintain strength over long delays. Birds 
may have trouble forming visual aversions over long delays because 
between the time of ingestion and poisoning many visual stimul~ occur 
which C6uld interfere with the association (Czaplicki, Borrebach, & 
Wilcoxon, 1976). It is also possible that the onset and offset properties 
of taste stimuli are such that they facilitate the formation of long 
delayed associations while those of visual cues do not (Rozin, 1969). 
Unfortunately, there is insufficient data to ascertain the accuracy of 
any of these assertions. All that is known is that animals do not appear 
capable of forming visual aversions over very long delays whi le taste 
- stimuli are readily associated with induced sickness over long delays. 
Eating 1n Chickens 
The previous sections reveal that we understand animals' formation 
of food aversions to a greater extent than did earlier investigators who 
were interested in the poison control of rats. It is also apparent that 
a great deal of progress has been made in elucidating parameters of food 
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aversion formation and the simil 1rities between it and conventional 
learning. The examination of th e parameters of food aversion learning 
has resulted in investigators developing an understanding of how animals 
associate stimuli when delays intervene between them. Fu~thermore, 
it has lead to the postulation of a new learning parameter; stimulus 
relevance. This additional pa~ameter has been the centre of some 
research on rats and has been used 1n some theories which have attempted _ 
to account for animals' ability to form associations over delays. 
Extensions of our understanding of rats' formation on food 
aversions and the attendant toncepts of stimulus relevance and delay 
learning to other species has been very small. Most of the work reported 
demonst~ates that other species prefer to associate taste with induced 
sickness. The only exception to this general finding comes from work 
on birds. The data are equivocal in this case, only quail, and possibly 
chickens, prefer to associate visual stimuli with food consequences. 
The paucity of information on animals other than rats makes it 
difficult to evaluate the real generality of food aversion learning 
across species. The generality of a concept such as stimulus relevance 
and the finding that rats associate food-related cues with sickness over 
delays have to be examined with organisms that may consider stimuli 
other than taste food-related. 
A preparation which seems to be useful for furthering our 
knowledge of the formation of food aversions in animals is the chicken. 
A great deaf of information is available on the feeding behaviour of 
this bird and the extant data indicate that visual cues are of primary 
importance to feeding. Furthermore, chickens are to some extent sensitive 
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to nutritional consequences. Tl·_ following review describes some of 
the data which provide support f or these contentions. 
Pecking in Chickens 
The pecking response 1s the first component of feeding that 
must be considered in chickens because it brings the animals into 
contact with food. The response consists of a chicken thrusting its 
he?d forward until the bill comes into contact with a piece of grain. 
The bill is then opened and the chick holds the grain with its bill. 
The response is then completed by the c~icken throwing t~e grain to 
the rear of its pharynx by either a quick forward thrust of the head 
or by tile rearing of its head or both actions ·together. The piece of 
grain is then carried to the chick's crop (cf., Zisweiller & Farner, 
1972). Such a consistent response has been attributed to the constancy 
of the species' effector systems and to the constancy of the stimulus 
situations that elicit pecking rather than to the existence of a species' 
typical behaviour pattern that develops and is maintained independently 
of the physiological consequences of food (Pomeroy, 1962). T1e po int 
may be erroneous because little data are available to support the 
proposition that reinforcement is necessary to maintain the species' 
typical pecking response. One example of the s~pporting evidence 1s 
the finding that chickens change their food consumption habits to a 
scooping behaviour when part of their upper mandible is absent. Such 
a mode of consumption appears to be part of water ingestion (Zisweiller 
& Farner, 1972). This variation, therefore, is well within the range 
of unlearned constraints that may be imposed upon the pecking response. 
I· 
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The de v e l op me n t of the r · c~ ck i n g res pons e was the s u b j e ct of 
research for many years owing t r its apparent importance to the instinct-
learning problem. One study examined the accuracy of 50 pecks made by 
21 chickens each morning (Breed, 1911). During the remainder of the 
day the chickens were given free access to food and water. The young 
chicks reached maximum pecking accuracy on the eleventh day. The presence · 
of more accurate fowl did not increase the ontogeny of accuracy in naive 
chickens and pecking deprivation initially retarded development of 
·pecking. Howevef, deprived fowl also reached maximum accuracy by the 
eleventh day. Consequently, Breed (1911) concluded that maturation of 
the 'pecking instinct' was retarded by disuse and that this retardation 
was q~i~kly overcome through use. Other investigators attempted to 
elucidate the role of experience in the ontogency of pecking accuracy 
(Bird, 1925, 1926; Padilla, 1935; Poulson, 1951; Tucker, 1957; Sheppard 
& Breed, 1913). For example, neonatal fowl that were deprived of pecking 
experience revealed complete recovery from deprivation after they were 
allowed normal pecking experience for two days (Sheppard & Breed, l-913). 
Other investigators (Padilla, 1935; Poulson, 1951; Tucker, 1957) noted 
that pecking deprivation produced chickens that did not orient pecking 
towards food but tended to peck aimlessly into the air. Perhaps, the 
chickens h~d kept the response but had lost the flbility to make the 
association between pecking and food consumption (Poulson, 1951 ). More 
recently the findings and the conclusions of these investigators have 
been challenged (Kovach, 1969). Multiple attempts, with 24 days of 
pecking deprivation, produced chickens that were capable of recovering 
a food response after 1-3 days of normal experience. Kovach suggested 
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that previous investigators fai l~d to obtain a food pecking response 
after 14 days of pecking depriv Ation because the chickens were weakened 
through inanition. The reasona bleness of Kovach's argument is difficult 
to assess, however, as recent writers believe that the chickens in the 
earlier studies were quite normal and healthy (Hess, 1973). Further-
more, a great number of factors differed between these studies and those 
of Kovach, such as the species of chicken used and the rearing conditions. 
In any case, both Kovach and Padilla did observe great changes in the · 
pecking behaviour of the birds when pecking experience was prevented. 
It seems, then, that both sets of experiments demonstrated essentially 
the same effects with differ·ences only ,in degree. 
· ~This review indicates that studies on the development of pecking 
did not determine whether the motor response of pecking was an instinct. 
Rather, such studies indicate t~at length of pecking deprivation, specific 
sensory experience during deprivation, and ingestive experience prior 
to deprivation influence the ontogency of the pecking response. They 
also indicate that pecking experience influenced not only pecking 
accuracy but the propensity of chickens to peck food objects. The data 
are consistent with the notion that visual cues are important to chickens' 
use of food cues because in the absence of relevant experience chickens 
apparently have difficulty orienting their pecking at food relevant 
stimuli. 
A chicken may peck up to 70% of the time during an observation 
period 1n the absence of correlated changes in weight. Hence,it appears 
that pecking is controlled, at least in part, by factors other than 
food needs (Hogan, 1971). One variable is stimulus change. Chickens 
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th a t a re g i v en s an d or food du r i ,, g a p re t es t con d i ti on and s and or 
food during a test condition di solay an increase in pecking if there 
is a change in the food item be tween the pretest and test condition 
(Hogan, 1971}. It is postulated that another important variable is 
"pecking drive" (Hogan, 197_1). Chickens raised on an empty floor during 
the pretest condition pecked more frequently at food items than did 
animals that had had prior exposure to a floor covered in sand. Both 
groups were equally deprived; consequently, Hogan suggested that the 
chickens' opportunity to 'peck sand had reduced their "pecking drive." 
The study of stimuli which elicit pecking also included items 
that might be 'used to characterize food. Round objects are preferen-
tially pecked over irregularly-shaped objects and small objects (3 mm) 
a re preferred to 1 a rger objects ( 4 mm) (Engel rnann, 1941 ; Fantz, 1957). 
Shape preferences are not fixed because early experience with irregular 
forms will increase the chickens' preferences for these forms (Dawkins, 
1968). Size preferences do not seem to be as modifiable. Chickens 
that are given early experience with finely ground food still prefer 
coarse food that approximates the shape and size of natural grains 
(Engelmann, 1941). 
Another major determinant of pecking preferences is the object's 
colour (Cronhelm, 1970; Hess, 1956). White legh-orns prefer to peck blue 
and Light-Sussex X Rhode Island Reds and Vantrees broilers prefer to 
peck colours in the red-orange region of the colour spectrum (Hess, 1973; 
Hess, 1956; Cronhelm, 1970). These preferences are like shape preferences 
in that they are modified by the animal 1 s experience. This is shown by 
the observation that adult white l eghorns , unlike young leghorns, do not 
I· 
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preferentially peck blue object . (Hess, 1973). Experimental evidence 
indicates that young chickens v1 i ll change their pecking preferences 
permanently if they are given food reinforcement for pecking a non-
preferred colour on the 3rd or 4th day of life (Hess, 1973). If, 
however, they are given reinforcement for pecking a nonpreferred colour 
prior to or after these two days the result is a learned preference which 
disappears in the absence of food reinforcement. The existence of a 
critical period during which colour preferences are permanently modified 
has been bro u g ht . i n to q u est i on by o the r f i n di n gs . Ch i c kens r a i s e d on 
red or tan food from 12 hours to 36 hours post hatch and tan or green 
mash from 36 'hours to 60 hours post hatch showed preferences for the 
coloured food upon which they were initially maintained (Capretta, 1969). 
Hence, it appears that there may be a difference between modifying a 
chicken's preference for a coloured object and a coloured food. Other 
investigators have also shown that animals prefer to peck food to which 
· they were originally exposed (Burghardt, 1967; Burghardt, 1969; Burghardt 
& Hess, 1966; Capretta & Bronstein, 1967; Rabinovitch, 1968, 1969). 
The reason for the importance of early experience on pecking preferences 
is not really understood. The animals may learn during early development 
that certain stimuli predict nutritional consequences or they may imprint 
to certain stimuli which characterize food. Either of these reasons . 
could explain the effects of early experience on chickens' food prefer-
ences because many investigators have shown that chickens are subject 
' to obth the effects of exposure (Bateson, 1966; Ko vach , 1971; Kova ch & 
Hickox, 1971; Zajonc, Reimer, & Hansser, 1973) and learning (Bateson, 
-~1973; Bateson & Reese, 1968; 1969; Chantry, 1972; Zolman & Lattin, 1972). 
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Features of the feeding nvironment other than the size, colour, 
and shape of the food in questic~n are- important to the amount of pecking 
made by domestic fowl. For examp le, the larger the pile of food pre-
sented during the test the greater the amount of food consumed (Ross, 
Goldstein·, & Kappel, 1961). Either it may be easier for a chicken to 
eat from a large pile of food or larger piles of food may change t he 
chicken's perception of its physiological needs. 
Social factors also influence chickens' food consumption (Tolman 
& Wi·lson, 1965). They peck more in the presence of companions than 
when isolated. Even when satiated they will consume food when a hungry · 
companion is introduced (Tolman, 1968). This effect is also subject 
to early experience. Those that -are raised in isolation during the 
first th.ree days of life do not exhibit socially facilitated eating 
when a companion is introduced. Exposing them to a brief flash ing 
. light during the isolation period mitigates this effect (Strobel & 
Macdonald, 1974). 
Social factors, other than the presence or absence of a peer, 
influence the amount and· the direction of pec~ing in chic kens . They 
will peck the items that a bobbing hen model pecks (Turner, 1964) or 
that a sharply pointed stimulus appears to peck (Strobel & Macdonald, 
1974). Furthermore, a mirror image increases the _amount of pecking as 
does the presence of an auditory stimulus such as 60-120 taps per 
minute (Tolman, 1968). 
Appatently many variables that ch aracterize food and the 
environment of chickens appear to influence pecking and, hence, food 
consumption. It is not known whether chickens relate these external 
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variables to their own nutritio nr l state and needs but the ability to 
respond to such a wide variety (if important external stimuli indicates 
that chickens may be good at differentiating the various roles of these 
external stimuli. This capacity may facilitate the ability of chickens 
to associate visual food cues with induced sickness. 
Chickens' Sensitivity to their Nutritional State 
There have been at least four approaches to the question of 
whether or not chickens are sensitive to nutritional needs. These can 
be classified in terms of: (1) Cafeteria-type experiments; (2) Studies 
on chickens' increased food consumption of low carbohydrate and protein 
foods; ~3) Studies on s~ecific hungers in chickens; and, (4) Studies 
on the development of nutriment use by chickens. 
One of the earliest cafeteria studies revealed that adult hens 
selected food which kept them healthy, and the increased laying of eggs 
by hens was correlated with increased c8nsumption of calcium-rich 
material such as oyster shells (Kempster, 1916). Later investigators 
confirmed that chickens -could select a balanced diet when the necessary 
food constituents were presented separately (Amon, 1930; Funk, 1932; 
Graham, 1932). During the first two weeks of life the birds did not 
eat a balanced diet because they tended to avoid ' certain food stuffs 
(Funk, 1932). This finical selection was overcome as the chickens grew 
older. These studies used natural food stuffs when examining chickens' 
. 
ability to select a balanced diet. Such a procedure is not very effective 
because random pecking by the chicken could result in the chicken choosing 
a balanced diet (Wood-Gush, 1971). Consequently, these studies do not 
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demonstrate whether or not chi cl'' ns are sensitive to nutritional 
deficits. 
Another approach looked at the ability of fowl to regulate 
their carbohydrate and protein needs when the amount of these substances 
varied in relation to non-nutritive bulk (Kare & Scott, 1962; Peterson, 
Grau, & Peck, 1954; Scott, Materson, & Singsen, 1947). The first point 
to note 1s that non-nutritive fibre ·is not essential for _ the physiological 
well being of chickens (Scott et al., 1947). Fibre is us ed in food 
because fowl eat more than is needed to foster maximum growth (Fisher & 
Weiss, 1956). The data collected indicate that chickens either ov~r-
estimate or do not recognize their nutritional needs. It is more 
probable that chickens overestimate their food needs because chickens 
grow normally when the amount of fibre in the food is increased by up 
to 40% (Hill & Dansky, 1954). There are limits on the amount of bulk 
fowl will tolerate because after a certain point they cannot consume 
the volume of food required to maintain themselves (Peterson et al., 
1954). Chickens do not appear to regulate food intake by monitoring 
the amount of food they have in their crops because surgical removal of 
the crop does not interfere with long term energy regulation (Fisher & 
·Weiss, 1954). Hence, chickens maintain themselves effectively under 
treatments which should interfere with physiologi~al regulation. · The 
mechanism for nutritional regulation is still an open question. Chickens 
may actually be sensitive to their nutritional needs and may vary their 
food consumption to satisfy those needs. A more likely · conclus ion is 
that increases in non-nutritive bulk do not affect the chic ks' wei gh t 
gain because the chick has a propensity to eat more than it needs. 
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Any increase in bulk does not r 1u1 re the fowl to change its food 
consumption habits because it wil l still obtain the requisite nutrition 
without increasing its volume o · consumption. 
Another approach analyzed the ability of chickens to select 
foods that would help them overcome specific nutritional deficits. The 
data collected concerning vita~in A and lactoflavin deficiencies yielded 
negative results. Chickens do not make up these deficiencies when given 
a choice between a food contai~ing the requisite vitamins and food which 
does not contain the vitamins (Jukes, 1938) . This failure occurs even 
when the diet co~taining the vitamin has a distinctive flavour and 
colour. Hence, it appears that chickens do not readily associate 
positiv~ food effects with stimuli that characterize food. 
Further experimentation indicated that food consumption was, 
to some extent, independent of nutritional state. Chickens that were 
preloaded with food during a pretest situation consumed as much as did 
subjects that had not been preloaded. Hence,the amount of food present 
in the crop did not influence food consumption (Hogan, 1971 ). Further~ 
more, neonatal fowl do not increase food consumption in order to make up 
weight loss that results from food deprivation. Very deleterious effects 
have been demonstrated as a function of the apparent independence of food 
consumption and nutrition. An_imals raised on mealworms have died of 
i_nanition owing to their high preference for mealworms and their unwilling-
ness to consume more nutritious food (Hogan, 1966). Chickens that have 
been given aq·uarium gravel combined with normal food have starved to 
death owing to their preference for aquarium gravel (Hogan, 1971) . So, 
at least in some cases, it appears that neonatal chickens do not associate 
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th.e food they consume or may co n·· ume with nutri ti ona l effects. 
More extensive data are ~vailable on chickens' use of calcium. 
Apparently chickens are sensitive to a calcium deficiency (Kempster, 
1916; Weber, _Doberenz, Wykoff, & Reid, 1968; Wood-Gush & Kare, 1966). 
Investigators have demonstrated chickens' sensi .tivity to calcium 
deficiencies by depriving them of calcium and assessing their ability 
to select a food that is calcium-enriched as opposed to food that is 
not or by looking at chickens' tendency to increase calcium consumption 
during periods of calcium need such as egg-laying. During egg-laying, 
hens increase their total food consumption and they tend to increase 
consumption of substances, like egg and oyster shells, that contain 
large·a~ounts of calcium (Kempster, 1916). Once egg-laying terminates, 
the chickens tend to maintain a higher rate of food consumption even 
though the physiological need is no longer present (Kempster, 1916). 
One cannot conclude that the chicken associated any stimulus wi ·th the 
satisfaction of a calcium need because the calcium deficiency may have 
changed the chickens' general behaviour rather than the chic kens ' response 
to food . That is to say, the calcium deficiency may have simply increased 
the chickens' random pecking behaviour and once the need was no longer 
present this increased random pecking was maintained. In another study, 
chickens were deprived of calcium. Those that were given egg shells 1n 
macaroni prior to being allowed access to egg shells alone displayed 
less consumption of the egg shells than did the chickens that had been 
permitted access to macaroni without egg shells. This finding indicates · 
that chickens may actually be sensitive to recovery from a calcium 
deficiency. It is possible that prior consumption of the egg shells 
l· 
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1n macaroni may have simply had the general effect of reducing a 
chicken's propensity to peck an r' consume hard objects like egg shells. 
This possibility could have bee11 eliminated by putting some hard non-
calcium items in the macaroni of the chickens in the control group. 
One final study on chickens' sensitivity to a calcium deficiency disclosed 
that chickens which are calcium deprived select more of a food containing 
calcium than a control · food while birds which are not calcium deprived 
show a preference for the food that does not contain the supplement. 
Both groups are comparable, however, when the · required calcium supplement 
is placed in water (Wood-Gush & Kare, 1966). Furthermore, the deprived 
animals have a greater propensity to peck bizarre objects than do normal 
animals. The investigators could not claim that the chickens formed a 
specific hunger whose relief was associated with consumption of a specific 
food object. They claimed that the induction of a specific need in 
chickens changed their appetitive behaviour such that the probability 
of them eating the required nutriment was increased (Wood-Gush & Kare, 
1966). 
Hughes and Wood-Gush (1971) extended these findings. They 
demonstrated that calcium deficient birds had a preference for ~alcium 
adulterated food relative to · birds that were not calcium deprived even 
when lower concentrations of calcium were employ~d than in previous 
experiments. In addition, they showed that calcium deprived chick ens 
could differentiate between a calcium adulterated and unadult erated di et 
on the basis "Of taste, colour, or a combination of both sti muli. The se 
data suggest that chickens can associate both visual and taste cues wi th 
delayed physiological consequences. The suggestion that th e association 
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occurred over a delay is based 01 1 the finding that radioactive labelled 
calcium is found in the circula ti on of fowl 15 minutes after ingestion. 
Hence, any physiological benefits that occurred from calcium ingestion 
were probably delayed by at least 15 minutes. 
A long series of experiments have demonstrated that the relation-
ship between ingestion, nutritional consequences, and fooa stimuli is 
complicated (Hogan, 1973a, 1973b, 1975, 1977). The initial experiments 
were equivocal in that they demonstrated that chickens were sensitive 
to nutritional consequences but did not seem to ·associate those consequences 
with any particular stimuli. Consumption of both food and sand increased 
during the te~t if chickens were given food during the pretest. Presen-
tation 8f sand during the pretest resulted in a reduction in consumption 
of both substances (Hogan, 1973a). Furthermore, exposures of ·go mi n-utes 
to food or sand did not facilitate chickens' ability to discriminate 
between the two items. Nor did four simultaneous exposures to sand and 
food over two days allow a discrimination to occur (Hogan, 1975). 
Obviously, such effects were inconsistent with the proposition that 
chickens could associate a particular stimulus with a particular con-
sequence because they failed to discriminate between food and sand during 
the tests . It did confirm the finding that intubation of food into a 
chicken's crop will increase random pecking (Sterjtt & Smith, 1965). 
Even the relationship between pecking and previous food experience was 
not clear. Increasing the amount of food during the pretest did not 
produce a coricomitant increase in the amount of pecking that occurred 
during the test and delaying the food reward after pretest pec king 
eliminated the increased pecking that was normally produced (Ho gan, 1973b). 
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Subsequent work revealec: that chicks did perceive a relationship 
between food and sand related sti mu li and nutritional consequences. A 
twenty-four hour exposure to ei tl1er food or sand enabled three-day-old 
chickens to discriminate between the two during a 10-minute test . Even 
10 minutes exposure to sand or food facilitated discrimination when the 
animal was only allowed access to either food or sand during the pretest 
(Hogan, ~975). These data suggest that discriminations are based on 
the feedback that comes a few minutes after ingestion because the effect 
is only obtained when the chick is · given pretest exposure to one food 
stuff at a time. The presence of more than one ingestible substance 
apparently produces feedback which cannot be differentiated in terms 
of nutritional consequences. 
Other experiments have revealed that chicks will discriminate 
between sand and food over a 10-minute session if they have been allowed 
to consume mealworms, liquid food, glucose water, and/or chicken mash 
' 
over a number of earlier sessions (Hogan, 1977). The discrimination 
manifests itself in the first two minutes of the test. 
The data described above indicate that internal and external 
stimuli may contribute to ingestion· and the use of food-related stimuli 
by chickens. Hence, the methods employed by these investigators have 
resulted in several valuable insights into the nu~rition of chickens. 
Their methodology, like the early methodology of workers interested in 
poison control in rats or nutrition in animals, makes it difficult to 
ascertain whether chickens' use of food follows the extant laws of 
learning. Consequently, the food cues used by the chickens and the 
effects of various stimuli and experiences on their use of these food 
has not yet been ascertained through controlled learning experiments. 
234 . 
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Appendix 4 
The following are papers published and submitted by me on top i cs 
that are directly related to my thesis topic. The first two 
papers contain some experiments that were also reported in n~ 
thesis. The third paper is an unpublished series of experiments 
that represent .an attempt to understand the mechanisms underlying _ 
the formation of visual aversion learning in chickens. This 
• 
paper was accepted by the Journal of Comparative and Physiological 
Psychology with the proviso that the effect observed in the first 
experiment be replicated. This has not been attempted yet. So, 
the paper remains unpublished. 
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MARTIN, G. M., W. P. BELLI GHAM AND L. H. STORLIEN. Effects of varied color experience on chickens' formation 
of color and texture aversions. PHYSIOL. BEHA V. 18(3)415-420, 1977. -Fourteen-day-old chickens formed aversions to 
novel red food dependent on the dose of the toxic agent (lithium chloride) administered after red food consumption and 
specific to the novel red co lor. o food aversions were obtained when consumption of familiar red food was followed by 
the toxic agent. Varied co lor experience prior to the training day did not influence the formation of red food aversions but 
it did affect the magnitude of texture aversions. Similar results were obtained with 28-day-old chickens in that varied food 
experience during the first, but not the second, fourteen days of life affected their formation of texture aversions. The 
re ults show that early experience can modify but not radically alter associative predispositions. 
Chicken Color aversion Texture aversion 
U TI L quite recently learning theorists have assumed that 
animals readily associate all stimulus events with all 
consequences. This is not so (for reviews see [3, 9, 28, 
29] ). ociative constraint were first attributed to species 
differences but varying experience early in life could also 
play a role in their development [2, 6, 29]. 
hickens are known to be subject to these constraints in 
that they readily associate the taste of food with its color 
but not with clicks presented in association with eating. On 
the other hand they more readily associate shock with 
click than with color. Shettleworth suggested that this 
predi po ition might either be present at birth or might 
develop a a function of early experience [30]. 
Ob ervation of pecking, drinking, feeding and sensi-
tivity to nutritional consequences show that previous 
experience does influence their use of food cues. Chickens 
do not recognize food [1, 12, 32] or water [17, 18] upon 
hatching and must learn to discriminate between food and 
non-food [ 13, 14 15]. In the ab ence of recognizable food 
and ocial timulation chickens have died of tarvation 
becau e of misdirected pecking [22, 23, 33] or consump-
tion of non-nutritive objects such as gravel [ 12]. 
The greater capability of young birds to change perceptual 
preferences [ 11] suggests that manipulation of very young 
birds' food experience might have a great effect on their use 
of food cues. The present series of experiments were done 
to try and find out about the importance of early 
experience in the development of associative predisposi-
tions in chickens by determining whether or not varied 
experience influenced their ability to associate food cues 
with induced sickness. 
METHOD 
The chickens used were White Leghorn x Black 
Australorp, obtained as fertilized eggs from BimBimBie 
Poultry Farm, Melbourne, Australia. They were incubated 
and hatched according to standard poultry farming proce-
dures. 
These finding , and the exi tence of associative con-
straint in experienced animal , may depend in part on the 
' necessity for animals and chickens in particular to spend 
the early part of their live categorizing stimuli [ 16,20]. 
The food was D & R Chick Starter which had been 
soaked in tap water (100 ml of water to 100 g of food), 
dried at 70° C, and then crushed. To color food, 100 g of 
starter was soaked in 6 ml of Aeroplane food coloring plus 
94 ml of tap water before drying. To color tap water, 10 ml 
of Aeroplane food coloring was added to 6000 ml of water. 
As soon as they hatched the chickens were moved to a 
Multiplo communal brooder and maintained on the pre-
pared food and tap water, until Day 9. A light (0700 hr) 
and dark ( 1900 hr) cycle was imposed and maintained 
throughout all phases of the experiments (with one noted 
exception). 
hettleworth' [ 31] ob ervation that chicken do not 
a ociate familiar stimuli with aversive tastes and Dawkin's 
[7, ] finding that one month old chickens can be trained 
to di play temporary hift in food search strategies 
indicate that experience i very important to food cue use. On Day 9, at 1700 hr, the birds were moved to individual 
1 
The authors are indebted to R. F. Mark for helpful comments and B. Hilton, R . Stebulis and S. Poultney fo r techni cal ass ist ance. 
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wire cages ( 19 x 16 X 16 cm) in which they were visually 
isolated by paper towelling that covered two sides and the 
back of the cages. Food and water were provided in 
containers with a 3 cm hole, 3 cm from the floor, through 
which they could eat and drink. Food was in the left 
container and water in the right. The chicks were given 
adequate food and water and allowed to adjust to their new 
environment until 1 700 hr on Day 11. 
They then had no food except between 0900-0915 hr 
and 1100-1900 hr. Water was available except when they 
were feeding in the morning. Food consumption was 
measured by weighing each chicken (to the nearest 0.01 g) 
just before the 0900 hr feeding period and straight after 
and taking the difference. They were allowed three days to 
adapt to food deprivation. -
On Day 14 a pretraining measure of food consumption 
was obtained in order to assure comparability among the 
various groups. On Day 15 (the training day) consumption 
of the novel food was measured in the same way. 
Immediately afterwards conditioned aversions were pro-
duced by an intraperitoneal (IP) injection of lithium 
chloride (LiCl) at a volume of one ml per 100 g of body 
weight. Control groups were injected with an equal volume 
of physiological saline. 
The chicks were given no food until 1900 hr on the same 
day, after which there was free access to food, with the 
lights left on, until 1900 hr of Day 16. Food deprivation 
and the light-dark cycle then began again as before. 
Days 16, 1 7 and 18 allowed for the recovery from the 
effects of injections and food consumption was measured 
on Day 18 (pretest) to check comparability of the groups 
before test Day 1 (Day 19). Food consumption measures 
were obtained on Days 19 (Test 1) and 20 (Test 2). 
Statistical Analysis 
In all experiments chickens from at least two separate 
hatches were used and chickens were randomly assigned to 
groups. One way analyses of variance were used to assess 
overall significant differences, while individual means were 
compared using Sheffe multiple comparisons. 
Data from the pretraining, training, pretest and test days 
were always examined separately. Control animals injected 
with physiological saline were combined in each experiment 
because they never differed reliably (p> 0.05) on any day. 
In no case were there significant differences in food 
consumption among groups on pretraining, training or 
pretest days (p> 0.05). Therefore only test day data, where 
significant differences (p< 0.05) were found, are considered 
and discussed. 
EXPERIMENT 1 
In the first part of the experiment novel food con-
sumption was followed with various dosages of LiCl 
thereby determining an effective aversant dosage. In the 
second part red food consumption was followed with the 
effective LiCl injection and the birds were tested for the 
aversion they displayed to red, pink, blue or green food. 
Method 
Part A. Sixty-four animals were given red food on the 
training day and were injected with either 0.4, 0.6, 0.8 M 
(Molar) LiCl or an equal volume of physiological saline. On 
the test day eight animals in each group were given dried 
food and the remaining eight in each group, red food. 
MARTIN, BELLINGHAM AND STORLI 
Part B. Following red food consumption on the training 
day, 32 chickens were injected with 0.8 M LiCl and the 
remaining 16 animals were injected with an equal volume of 
physiological saline. The LiCl and control groups were 
further subdivided into equally sized groups and were given 
either red, pink, blue or green food on the test days. 
Results 
Part A. The groups tested on dried food did not differ 
significantly from each other on any day, so Li Cl injection 
did not influence dried food consumption. The results for 
groups tested on red food are presented in Fig. l. The four 
groups differed on the test day and the 0.6 and 0.8 group 
ate less red food on the test day than the control group. 
The 0 .8 group also ate less red food than the 0.4 group. Th 
aversion to a novel food was readily formed. Fowl, like raL, 
form aversions that are positively correlated with the dose 
of the poison used. 
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FIG. l. The mean amounts of red food consumed on the training 
(white bars) and test days (black bars) by groups that were injected 
with either physiological saline (Cont), 0.4, 0.6 or 0.8M UCL 
Perpendicular lines are standard deviations. 
Part B. Figure 2 represents the mean amounts of food 
consumed on the training and two test days for the control 
and four experimental groups. Significant overall differ-
ences were found on test Days 1 and 2. Multiple compari-
sons revealed aversions to red, pink and blue foods on test 
Day 1 but only aversions to red and pink remained on test 
Day 2. Therefore the aversion formed is specific to red food 
in that the chickens differentiate red food from green and 
blue foods. There is the possibility that the fowl were 
differentiating between the foods on the basis of brightness 
rather than color. However, spectrophotometer analysi 
indicated that pink differed more from red in brightnes 
than did any of the other colors thereby rendering thi 
possibility unlikely. Hence, the finding that chickens readily 
differentiate red, blue and green [ 19) still holds true when 
one of the colors has been paired with induced sickness. 
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FIG. 2. The mean amounts of red food (RF) consumed on the 
training day (white bars) and the mean amounts of red (R), pink 
(P), blue (B) or green (G) food consumed on test Day 1 (black bars) 
and test Day 2 (striped bars). Cont represents combined control 
groups. Perpendicular lines are standard deviations. 
EXPERIMENT 2 
The present experiment reduced the correlation between 
the color of food and water and their consequences by 
randomly changing the color of both substances. It was 
expected that this varied experience might reduce the size 
of a red food aversion relative to a group that was 
I· maintained on a nonvaried diet of dried food and tap water 
prior to the training day. One other experimental group was 
' familiarized with red food and water prior to the training 
day in order to determine whether or not red food 
aver ions could be attenuated. 
Method 
Upon hatching 36 animals were divided into 3 groups. 
One group was maintained on dried food and tap water 
(OF) and another on red food and red water (RF). The 
critical group was given one presentation of blue food and 
blue water, green food and green water, and dried food and 
tap water in a random sequence on each day up to the 
training day (BGDF). 
ight animals in each group were injected with 0.8 M 
Li l and the remaining 4 chickens from each group were 
injected with physiological saline following red food con-
sumption. 11 chicks were then fed on dried food and tap 
water for the remainder of the experiment. On test Days 1 
and 2 they were again given red food. 
Results 
The mean amounts of food consumed on the training 
and te t days by the three experimental groups and the 
control group are reported in Fig. 3. The BGDF and DF 
group ate le s red food than the control group, indicating a 
well formed aver ion. The RF group did not eat less red 
food which confirms findings that animals do not associate 
a familiar timulu with ickness. The aversion displayed by 
the BGDF group indicate that their varied experience of 
food and water did not change the importance of an 
unu ual stimulus. One po sible reason for this might be that 
the experience with a single food and water cue between 
the training and test day allowed the BGDF group an 
opportunity to learn that visual stimuli did indeed predict 
food con equence . This hypothesi wa tested by maintain-
ing the chicken on a varied diet up to and including the 
te t days. The re ult obtained were comparable to the 
finding from the pre ent experiment. 
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FIG. 3. The mean amounts of red food consumed on the training 
day (white bars), test Day 1 (black bars) and test Day 2 (striped 
bars) after being raised on either dried food (DF), red food (RF), or 
blue green dried food (BGDF) prior to training. Cont represents 
combined control groups. Perpendicular lines are tandard 
deviations. 
EXPERIMENT 3 
It is possible that the negative results of Experiment 2 
were a product of insensitive training and test procedures. 
Varied color experience may only reduce the use of color 
relative to some other stimulus. Texture was chosen as the 
additional stimulus because pilot work revealed that chick-
ens readily formed aversions to novel textures. Birds were 
raised on either varied water and fine food or nonvaried 
water and fine food prior to the pairing of red coarse food 
with induced sickness. Animals were then tested for their 
red coarse, red color and coarse texture aversions. 
Method 
Upon hatching 144 chickens were assigned to one of the 
following groups: BGDF (varied food and water), BF (blue 
food and water), DF (dried food and tap water) and GF 
(green food and water). All food was fine in texture 
(varying size from 0.355 - 1.000 mm) . 
On the training day all birds were given red coarse food 
(size range, 2.360- 3.350 mm). Twenty-four from each 
group, were injected with 0.8 M LiCl. The remaining 12 
chickens in each group were treated as controls. Those 
raised on a varied diet were now fed on DF food after 
training and the other groups were maintained on their 
pretraining diet. On the test days these eight groups were 
further subdivided into three equally sized groups and were 
given either red coarse, red fine or dried coarse food. 
Results 
The results were analysed according to the stimulus used 
to test for the aversion. 
All birds tested developed an aversion to red coarse 
food, that is to food new in both color and texture (Fig. 4 ). 
Red fine food, which wa of a novel color but familiar 
texture was also effective as a cue for aversion. The group 
of birds which had had varied color experience (BGDF) 
formed a great an aversion a the others, as would be 
expected from the results of Experiment 2, (see Fig. 5). 
Texture aversions, to plain dried coarse food were also 
seen in all groups. On Test 1 the group with varied color 
experience (BGDF) showed an aversion comparable to the 
other groups. On Test 2 the BGDF group but not the 
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FIG. 4. The mean amounts of red coarse food consumed on the 
training day (white bars), test Day 1 (black bars) and test Day 2 
(striped bars) by chickens that were raised on either dried food 
(DF), blue food (BF), green food (GF) or bJue green dried food 
(BGDF) prior to training . Cont represents combined control groups. 
Perpendicular lines are standard deviations. 
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FIG. 5. The mean amounts of red coarse food consumed on the 
training day (white bars) and the mean amounts of red fine food 
consumed on test Day 1 (black bars) and test Day 2 (striped bars). 
Prior to training chickens were maintained on either dried food 
(DF), blue food (BF), green food (GF) or blue green dried food 
(BGDF). Cont represents the combined control groups. Perpendicu-
lar lines are standard deviations. 
others, retained their texture aversion (Fig. 6). The main-
tenance of a texture aversion and the formation of normal 
red aversions by the BGDF group indicate that the effect of 
the varied diet was to increase the importance of texture 
cues without influencing the animals use of color. Hence 
the BGDF group had not learned that color was irrelevant 
to food and water consequences but that texture was 
comparably important. In contrast, a nonvaried diet pro-
duced animals that considered texture relative to color of 
lesser importance. Consequently, on the training day the 
novel color overshadowed the novel texture. 
EXPERIMENT 4 
The notion that a nonvaried diet allowed color to 
overshadow texture suggests that it would not happen on 
the training day if the novel color was absent. That is, both 
the varied and nonvaired diet group would be comparable 
in their texture aversions. Therefore, we -compared both a 
varied and a nonvaried group's formation of a texture 
aversion when a novel color was absent on the training day. 
Method 
Upon hatching 24 chicks were maintained on fine food 
with 12 receiving BGDF and 12 DF. After dried coarse 
food consumption on the training day, 8 from each group 
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FIG. 6. The mean amounts of red coarse food consumed on the 
training day (white bars) and the mean amounts of dried coarse 
food consumed on test Day 1 (black bars) and test Day 2 (striped 
bars). The dried food (DF), blue food (BF), green food (GF), blue 
green dried food (BGDF) and combined control (Cont) groups are 
represented. Perpendicular lines are standard deviations. 
were injected with 0. 8 M Li Cl and the remaining 4 from 
each group were treated as controls. All the birds were then 
sustained on dried fine food for the remainder of the 
experiment. Dried coarse food was used on both test day 
for all group 
Results 
The texture aversions formed by the BGDF and DF 
groups were comparable (Fig. 7). Both groups displayed a 
texture aversion on test Day 1 and no aversion on test Day 
2. The importance of a varied diet on chickens formation of 
texture aversions appears to be a function of an interaction 
between both novel color and texture. 
Cl 
3-0 
Cl 
U.J 
~ 
:::J 2 · 0 
CJ) 
z 
0 
u 
Cl 
0 
0 
u.. 
1 · 0 
O· O 
DRIED COARSE 
DF BG D F 
0 - 8 M L i C I 
FIG. 7. The mean amounts of dried coarse food consumed on the 
training day (white bars), test Day 1 (black bars) and test day 2 
(striped bars) by the dried food (DF), blue green dried food (BGDF) 
and combined control (Cont) groups. Perpendicular lines arc 
standard deviations. 
EXPERIMENT 5 
Experiment 3 demonstrated that chickens will maintain 
a texture aversion after varied color experience. Two 
questions of interest related to this finding are: ( l) Will 
they display the same effect if the varied food experience is 
introduced later in development? (2) Does early varied 
experience influence their use of texture when a nonvaried 
diet intervenes between the varied food experience and the 
training day? The present experiment attempted to answer 
these questions by looking at the formation of food 
aversions in 29-day-old chickens. 
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Method 
Upon hatching 72 animals were randomly assigned to 
one of 3 equal groups. The DF- DF group was maintained 
on dried fine food and tap water throughout the experi-
ment. The DF- BGDF group was maintained on dried fine 
food during the first 14 days and varied food and water 
during the second 14 days of the experiment. In order to 
ascertain the novelty effect measures of blue, green and 
dried food consumed by this group were taken during the 
first 5 days of the varied diet. The BGDF- DF group was 
maintained on varied water and fine food during the first 
14 days and plain water and dried fine food during the 
econd 14 days . In all cases, the presentation procedure for 
the varied food and water was the same as described in 
xperiment 2. 
Food and water were always available during the initial 
23 days with a light (0700 hr) dark (1900 hr) cycle. On 
Day 23 all chickens were moved to individual cages and the 
maintenance procedure was continued until Day 25. At this 
point the deprivation procedure was initiated. Food con-
sumption was measured on Day 28 (pretraining), Day 29 
(training), Day 3 2 (pretest), Day 33 (Test 1) and Day 34 
(Test 2). 
All animals were given red coarse food on the training 
day , sixteen in each group were then injected with 0.6 M 
LiCl and the remaining eight in each group were assigned to 
control groups. The chickens were given dried fine food 
between the training and test days. On both test days eight 
in each LiCl group and four in each control group were 
permitted access to red coarse food. The remaining birds in 
each group were permitted access to dried coarse food. 
R esul ts 
o novelty effect was found with the DF- BGDF group. 
The data are analysed in terms of the stimulus used on the 
test day . 
Figure 8 contain the mean amounts of food consumed 
on the training and two test days by the Cont and three 
experimental group that were tested on red coarse food. 
The e four groups differed reliably on test Day 1 and test 
Day 2. The three LiCl groups showed red coarse food 
aversions relative to the Cont group on both test days. It 
appears that older chickens readily form red coarse food 
aver ions and that varied food experience does not influ-
ence the ize of the aversion formed. 
Figure 9 represents the amounts of dried coarse food 
con urned on the training and both test day by the Cont 
group and the three experimental groups. Dried coarse 
con umption differed reliably on test Day 1 and test Day 2. 
The three LiCl group consumed reliably less dried coarse 
food than the Cont group on both test days. 
The e results support the notion that the aversion 
formed by the chickens to dried coarse food was not 
influenced by manipulation of their food experience. 
closer examination of Fig. 9 however, suggests that 
the varied food experience of the BGDF- DF group did 
have an effect in that the food consumption was approxi-
mately half that of the DF- DF and DF- BGDF groups on 
test Day 2. The dried coarse food consumption of the 
control and three experimental groups on test Day 2 were 
converted to ratios (training/training + te t) in an attempt 
to make the effect manifest. An analy is of variance on the 
ratios revealed that the four groups differed reliably on test 
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FIG. 8. The mean amount of red coarse food consumed on the 
training day (white bars), test Day 1 (black bars) and test Day 2 
(striped bars). The groups represented were maintained on dried 
food (DF/DF) throughout the experiment, on blue green dried food 
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FIG. 9. The mean amounts of red coarse food consumed on the 
training day (white bars) and the mean amounts of dried coarse 
food consumed on test Day 1 (black bars) and test Day 2 (striped 
bars). The groups represented are those maintained on dried food 
throughout the experiment (DF/DF), blue green dried food during 
the first half and dried food during the second half (BGDF/DF) or 
the reverse (DF/BGDF). Cont represents the combined control 
groups. Perpendicu lar lines are standard deviations. 
Day 2. Multiple comparisons revealed that the DF- DF and 
the BGDF- DF groups ate reliably less food than the Cont 
group. The BGDF- DF group's food consumption was also 
significantly lower than that of the DF- BGDF group. 
These results support the findings of Experiment 3 in that 
varied color experience during the first 14 days of life 
increases a chicken's propensity to maintain a texture 
aversion even after a period during which only one color 
was present. Furthermore, the failure of the DF- BGDF 
group to maintain a texture aversion on test Day 2 indicates 
the effect of varied color experience in older chickens is 
different from that with young birds. 
GE ERAL DISCUSSIO 
Varied color experience did not influence chickens 
formation of color aversions . Early, rather than later , 
experience with a varied diet was important to the extent 
~ 
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that young chickens with this experience maintained 
texture aversions. Varied diet was not a function of 
experience with any of the specific colors because rearing 
on either stimulus alone did not influence their formation 
of a texture aversion. Furthermore, the effect obtained was 
not independent of color in that it was manifested only 
when both a novel color and texture were present on the 
training day. 
The effect of varied color on texture suggests that our 
views on associative predispositions have to be modified, 
for the importance of a particular stimulus to food conse-
quences is not completely independent of the animal's 
experience. Animals also predict food consequences with a 
less preferred stimulus such as texture when the preferred 
stimulus has been varied. This effect occurred with young 
but not old chickens thereby suggesting that during early 
development animals are capable of amplifying particular 
associative capacities that are not normally significant. The 
difference between young and old birds has also been noted 
by investigators who have observed that young birds 
preferences for particular foods [5, 24, 25) and objects 
[ 10, 11] are more readily modified than are the preferences 
of older birds. The continued maintenance of the effect 
MARTIN, BELLINGHAM AND STORLI 
over fourteen days concurs with data which disclosed the 
permanency of the effect of early experience on chicken 
later behavior [ 5,26). Furthermore, our inability to obtain 
any effect with older chickens agrees with Dawkin's [ 7] 
observation that one month old chickens do not maintain 
their ability to find cryptic grain from one day to the next. 
Apparently with older birds perceptual and associative 
preferences are not readily altered. 
We could not modify chickens use of color cues with the 
methods employed in the present study. It is possible that a 
change could be engendered if both the color of food and 
water and their consequences had been varied concomi-
tantly. The data obtained argue against this owing to both 
the complete lack of any effect and the finding that 
chickens readily display the attenuation of an aversion to a 
specific color with which they are familiar. The continued 
use of color supports findings which revealed that chicken 
have a strong bias to employ color in learning situations and 
that obtaining shifts away from color use is very difficult 
[ 4, 8, 20). The data with color also support the notion that 
animals are predisposed to associate ea ting-related cues with 
sickness and that these predispositions are not readily 
subject to experimental manipulation [27). 
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Learning of Visual Food Aversions by Chickens 
(Gallus gal/us) over Long Delays 
GERARD M. MARTIN 1 AND W. P. BELLINGHAM2 
Department of Psychology, Australian National University, Canberra, Box 4, 
A.C.T. 2600, Australia 
Domestic chicks learned in one trial to associate both the color and texture of 
food with induced sickness even when several hours intervened between the two 
events. Control experiments revealed that the aversions were not mediated by 
taste and that they were not due to the unspecific effects of the poison. Expla-
nations of long delayed learning are evaluated in the light of these data. In 
addition, findings on food aversion learning in other species are considered. 
The formation of food aversions by animals has attracted the attention 
of those studying learning because it challenges the assumptions that all 
stimuli are equally associable and that temporal contiguity between a 
stimulus and a consequence is an essential condition for their association 
(Revusky & Garcia, 1970). Such challenges have contributed to the de-
velopment of new theories which point out that animals will form associa-
tions over long delays when relevant timuli do not intervene between the 
to-be-as ociated stimulus and the consequence (Revusky, 1971). 
Unfortunately, systematic examination of food aversion learning over 
delays of hours has only been studied in rats and has been limited to taste 
timuli (Andrew & Braveman, 1975; Revusky, 1968; Smith & Roll, 1967). 
Visual aver ions have not, to our knowledge, been demonstrated with 
delays exceeding 60 min, while at least one attempt to obtain long delayed 
vi ual aversions with rats failed (Revusky & Parker, 1976). Investigators 
have suggested that two factors may impede the formation of visual 
aversions over long delays: the lack of salience of visual cues relative to 
ta te cues in, for example, guinea pigs (Braveman, 1975), and the fact that 
there are more potentially interfering visual stimuli during the delay 
(Czaplicki, Borrebach, & Wilcoxon, 1976). It is difficult to assess the 
1 Now at the Department of Psychology, Memorial University of Newfoundland, St. 
John's, Newfoundland, Canada. 
2 We thank R. F. Mark, G. N. Seagrim, L. H. Storlien, L. Jones, and W. K. Timmins for 
helpful comments; W. Kaveney for technical assistance; and Katy Gillette and Julia Irwin 
for help during Experiment 4. 
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validity of the e ugge tions because there is a paucity of comparative 
work on animals' ability to form visual food aversions over long delays. 
However, the vi ual characteri tics of food are critically important to 
food recognition by birds (Hogan, 1975) and are associated with induced 
ickne when relatively short delays are used (Capretta, 1961; Gaston , 
1977; Martin, Bellingham , & Storlien, 1977; Wilcoxon , Dragoin, & Kral , 
1971). Hence, it i po ible that chickens will form visual aver ions over 
long delays. An examination of this po ibility should enable us to elabo-
rate on the role of biological predi positions in the formation of associa-
tion . 
This investigation reports findings which reveal that chickens form 
aver ions to the color and texture of food when delays of several hours 
intervene. 
GENERAL METHOD 
Subjects. All experiments used White Leghorn X Black Australorp 
chickens (Gallus ga l/us) which were obtained as fertilized eggs from 
BimBimBie Poultry farm, Melbourne, Au tralia. The eggs were incubated 
and hatched in forced air draft incubators at a temperature of 37 + l°C and 
a relative humidity of 35 + 5%. 
Apparatus. All egg were incubated during the first 17 day in a Multi-
plo No. 9 incubator a nd hatched in a Multiplo E-1 incubator. Communal 
housing of chickens took place in a Multiplo brooder. Subsequently, each 
chicken was individually housed in a wire-mesh cage (19 x 16 x 16 cm) 
with paper covering all s ides but the front. 
Polyethylene containers with a diameter of 5 cm and a height of 10 cm 
were used to provide food and water. Each container had a 3-cm-diameter 
hole, 3 cm from the floor of the cage. Food was always on the right and 
water on the left ide of the cage. 
The food used throughout all experiments was D & R Chick Starter 
(protein content 20%). This food was soaked in tap water (100 ml of water 
to 100 g of food), dried at 70°C, and then crushed. The dried food was 
either left in an untouched crushed state or sieved into fine (diameter 
between 0.3 and 1.0 mm) or coar e (diameter between 2.3 and 3.3 mm) 
texture . To color food, 100 g of chicken tarter was soaked in 6 ml of 
Aeroplane food coloring plus 94 ml of tap water before drying. 
The concentration of lithium chloride (Li Cl) used to induce gastrointes-
tinal di tress wa 0.7 M LiCI (29.68 g of LiCI/1000 ml of di tilled water). 
Phy iological aline wa used as an injection control. All solution were 
injected intraperitonea ll y into the animal at 1.0% of their body weight. 
Procedure. Chicken were removed from the hatcher on the 21st day of 
incubation and were placed in the communal brooder. The 21st day was 
con idered Day l. A light (0700 hr) and dark ( 1900 hr) cycle wa main-
tained throughout a ll pha e of the experiment, with the exception of Day 
•.; I , f , , ' , 1' • • • • •-., •; l ' ,_I.• •. _ 
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15. On Day 9 a t 1700 hr the birds were moved to individual wire cage .., . 
Food and water were provided ad libitum. 
On Day 11 at 1700 hr , the deprivation procedure was initi ated. Food 
was ava il able from 0900 to 0915 hr and from 1100 to 1900 hr. Water wa 
a lways ava ilable except during the 0900 to 0915 hr feeding sess ion. Food 
consumption was measured by weighing each chicken (to the neare st 0.0 I 
g) immediately before and after the 0900-hr feeding ses sion. Food con-
sumption was measured on Day 14 (the pretra ining day), Da y 15 (the 
training day) , Day 18 (the pretest day) , and Day 19 (the test day). On Day 
15 , the chickens were injected ip with either LiCI or physiologica l sa line 
after the second weighing at the 0900-hr feeding session. The weight 
were not corrected for excreta and its effect was randomly di stributed 
among control and experimental groups as is evidenced by the absence of 
reliable differences on the pretraining and pretest days. Food was re-
turned at 1900 hr, after which there was free access to food with the light 
left on until 1900 hr of Day 16. Food deprivation and the light/dark cycle 
then began as before. 
EXPERIMENT 1 
This first experiment examined the delay issue by determining whether 
or not chickens would associate a novel red coarse food with an injection 
of LiCl over delays longer than those typically used with visual cue..,. 
Method 
Ninety chickens were given 15-min access to red coarse food on the 
training day (Day 15) and were injected with LiCI or physiological sa line 
0, 30 , 60, 120, 180, 240, 360, 480, or 600 min after the removal of food. 
Eight chickens were injected with the LiCI and two with phy siologica l 
saline at each of the intervals. On Day 19, the red coarse food wa 
re-presented for 15 min. 
Results 
Figure l shows the mean amount of red coarse food consumed on the 
test day by the various LiCI groups and the pooled control bird s. The 
groups differed reliably on only the test day [F (9, 80) = 6.78, p < .Ol]. 
Scheffe multiple comparisons disclosed that all groups, except that in-
jected at 600 min, differed reliably (p < .05) from the combined control 
group. 
These data indicate that chickens can form aversions to food colored by 
red dye a nd uniquely textured over delays a s long as 8 hr. 
EXPERIMENT 2 
The aversions di spla yed to the novel colored and textured food could 
have been due to either color or texture alone. The following experiment 
attempted to a scertain the rela tive contributions of these two dimen sion .., . 
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FIG. I. Mean amounts of red coarse food consumed on the test day for the various 
delayed injections (N = 8) at each delay of LiCI. The control group (N = 18) is the pooled 
data from chickens injected with physiological saline. Perpendicular lines represent standard 
errors of the means. 
Method 
Forty chickens were presented with familiar fine textured food colored 
novel red and 60 were given familiar beige food with a novel coarse 
texture. Injections were delayed from 60 to 660 min after food removal. At 
each interval there were eight LiCI subjects and two physiological saline 
control for both novel cues. On the test day the chickens were re-
pre ented with the food they were trained on. 
Results 
Figures 2 and 3 show the mean amounts of red fine and beige coarse 
food consumed by the experimental and combined control groups on the 
te t day. 
Analyse of variance indicated significant differences for test day con-
sumption across delays for both color [F (4, 35) = 5.17, p < .OI] and 
texture [F (6, 53) = 3.68, p < .01]. Scheffe multiple comparisons indicated 
ignificant aversion when compared with their appropriate control 
group of up to 240 min for color and up to 420 min for texture (p < .05). 
Chicken , then, can form visual aver ion up to 4 hr and texture 
aver ion up to 7 hr. The delay gradient found in the first experiment with 
novel red coarse food was apparently a combination of color and texture 
aver 10n . 
OUABAIN 
'1ATION 
n 
1n Chickens 
420 
that young chickens with 
texture aversions. Varied d 
experience with any of the ~ 
on either stimulus alone did 
of a texture aversion. Further 
not independent of color in 
when both a novel color anc 
training day. 
The effect of varied color 
views on associative predispc 
for the importance of a part 
quences is not completely 
experience. Animals also prec 
less pref erred stimulus such ; 
stimulus has been varied. Th 
but not old chickens thereb: 
development animals are caf 
associative capacities that are 
difference between young anc 
by investigators who have 
preferences for particular fo 
[ 10, 11] are more readily mo, 
of older birds. The continw 
1. Baeumer, E. Lebensart des 
387- 401, 1955. 
2. Bateson, P. P. G. Internal in 
In: Constraints on Learnint 
Stevenson-Hinde. New York: 
3. Bolles, R. L. Species-specifi 
learning. Psycho!. Rev. 77: 3 
4. Capretta, P. J. An experimE 
ences in chickens. J. comp. 
1961. 
5. Capretta, P. J. Establishm 
chicken (Gallus Gallus). Anir, 
6. Cronhelm, E. Perceptual fac 
the behavioural developme 
Behaviour in Birds and Mam 
York: Academic Press, 1970. 
7. Dawkins, M. Perceptual char 
'search image' concept. Anim 
8. Dawkins, M. Shifts of 'att1 
Anim. Behav. 19: 575-582, 
9. Garcia, J., B. K. McGow: 
constraints on conditionini 
Current Theory and Researc, 
Prokasy. New York: Appleto 
10. Hess, E. H. Imprinting and 
Roots of Behaviour, edited l 
1962. 
11. Hess, E. H. Imprinting in 
1964. 
12. Hogan, J. A. The developm 
chicks. Behaviour 39: 128- 2 
13. Hogan, J. A. The developm 
chicks: I. Maturation and nu 
83: 355 - 366, 1973. 
14. Hogan, J. A. The developm 
chicks: II. Learned associa 
physiol. Psycho/. 83: 367-3 ' 
15. Hogan, J. A. Developmen 
chicks: III. Discrimination. 
95 - 104, 1975. 
16. Humphrey, N. K. The ill1 
429 - 439, 1973. 
17. Hunt, G. L. and W. J. Srr 
responses in young domesti 
64: 230-236, 1967. 
.1.1_·_ -- --- • - .L. - ,: __ - .J 
62 
MARTIN, BELLINGHAM AND STORLI 
----- .c_ . . _,L.,_,.._ ,.J .,... ,,.~ ,.. ..._...,. _ ,.... .,,_,.. .... . ~+-\-.. rl"+-ro TT Yi..;"i.. ,-l;,-, " 1 ........... 1"\rl +-l--.n 
LU 
zo 
LL LU 
0~ 
LU :) 
Ck: (/) 
V>Z 
~o 
<{U 
Ck: 0 l'>o 
zo 
<{ LL 
LU 
~ 
MARTIN AND BELLINGHAM 
l. 5 
1 . 0 
0 . 5 
0 . 0 L-.__.J___...l....__----'---_....l.._ _ _j___ 
60 240 420 600Control 
TIME OF INJECTION 
IN MINUTES 
FIG. 2. Mean amounts of red fine food consumed on the test day for the various delayed 
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EXPERIMENT 3 
It i po sible to argue that the visual aversions based on texture or color 
do not represent the effects of conditioning per se. Rather, the aversion 
di played by the chickens could have been the result of the sensitizing 
effect of the LiCI injections. This is unlikely when one remembers that 
ome groups did not form an aversion when the injection of LiCI was 
delayed by everal hours. However, it is possible that the delay gradient 
wa a function of the nonspecific effect of sickness produced by LiCI and 
that any unfamiliar change in the food could have produced the reduced 
food consumption, depending on how long the sickness occurred after 
feeding. The present experiment examined this problem by pairing LiCI 
injection with con umption of familiar beige fine food and determining 
whether the chicken showed an aversion to either red coarse, red fine, or 
beige coarse food on the test day. 
Method 
eventy-two chickens were assigned to one of three equally sized 
groups. All groups were given beige fine food on the training day. Twelve 
animals in each of the three groups were injected 60 min after food 
removal and the other 12 animals were injected 600 min after food re-
moval. Of the e, 8 were injected with LiCl and the remaining 4 with 
phy iological saline. On the test day, a group was given access to either 
red coar e food, beige coar e food, or red fine food. 
Re ults 
Si nee there were no significant difference (p > .05), all saline controls 
were eparately combined across the delays for each test day group. The 
mean amount of food consumed by the groups are presented in Table 1. 
Analy e of variance for the groups tested on red coarse food [F (2, 21) = 
l.2 , p > .05], beige coarse food [F (2, 21) = 0.14, p > .05], or red fine 
food [F (2, 21) = 0.33, p > .05] revealed no significant differences, nor 
were there any difference on the other days that food consumption was 
mea ured. The absence of a contingency in the present experiment re-
ulted in no group differing reliably from its respective physiological 
aline control group. It appears, then, that some contingency between 
con umption of a novel food and icknes wa required if an aversion was 
to be obtained and that the aversions obtained in the previous experi-
ment were not imply a function of the sensitizing effects of LiCI. 
EXPERIMENT 4 
The previou experiments revealed that chickens can as ociate the 
color and texture of food with induced sickness when delay of everal 
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TABLE I 
Mean Amounts of Food Consumed by Chickens Trained on 
Beige Fine Food 
Test day food 
Day Red coarse Beige coarse 
Pretrain 2.5 la 1.29 
Train 2.36 1.20 
Pretest 1.60 1.47 
Test 2.91 2.07 
Pretrain 2.33 1.05 
Train 2.09 1.52 
Pretest 1.78 1.38 
Test 1.84 2.30 
Pretrain 2.69 0.89 
Train 1.85 1.3 I 
Pretest 1.90 1.72 
Test 2.49 2.01 
Red fine 
1.67 
1.23 
1.33 
1.25 
I. 15 
1.39 
1.63 
1.44 
0.93 
1.27 
1.49 
1.33 
a Mean amount in grams. 
hours intervene between the two events. The data from Experiment 3 
clearly demonstrate that the aversions formed are independent of any 
sensitizing effects which might be produced by injections of LiCI. 
Whether or not the chickens displayed neophobia to the novel red food 
was not determined. Furthermore, the small number of control animals at 
each delay interval in the previous experiments made it difficult to stati,-
tically determine the effects of injections per se. The present experiment 
eliminated these two difficulties. The consumption of familiar beige and 
novel red food were compared on pretraining and training days and the 
number of control animals at each delay interval was comparable to that 
of the experimental animals. 
Method 
Eighty chickens were assigned to 1 of 10 equally sized groups. All 
animals were maintained on beige food. On the pretraining day 40 animal 
(control) were given access to novel red food during the 15-min morning 
session and the remaining 40 animals (experimental) were given familiar 
beige food. On the training day the experimental group was given novel 
red food and the control group was given familiar beige food. Eight 
animals from each group were injected with 0.7 M LiCI at either 0, 120, 
240, 360, or 480 min after food removal. On Days 19, 20, 21, 22, and 23 red 
food was re-presented to all groups during the 0900 to 0915-hr feeding 
- session. 
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TABLE 2 
Mean Amounts of Red and Beige Food Consumed by the 
Experimental and Control Animals 
Delay (min) 
Day Group Food 0 120 240 360 480 
Pre train Expt Beige 6.53° 5.33 6.18 5.99 6.09 
Control Red 4.09 2.93 2.51 2.93 2.46 
Train Expt Red 2.05 l.90 2.40 l.80 2.54 
Control Beige 6.51 5.60 6.44 5.54 5.73 
Pretest Expt Beige 8.19 7.66 7.96 8.39 8.39 
Control Beige 7.85 7.15 9.26 8.09 8.40 
Test I Expt Red 0.04 0.04 0.10 0.35 0.25 
Control Red 3.75 2.30 2.55 2.00 2.69 
Te t 2 Expt Red 0.06 0.00 0.38 0.35 0.78 
Control Red 2.31 2.41 2.24 2.48 2.39 
Te t 3 Expt Red 0.25 0.26 0.44 0.46 2.00 
Control Red 3.24 3.45 4.55 4.41 3.76 
Test 4 Expt Red 0.84 0.26 0.44 0.78 2.99 
Control Red 3.33 3.48 4.99 3.12 3.61 
Test 5 Expt Red 1.00 0.43 0.96 0.85 2.61 
Control Red 3.60 3.90 3.80 3.75 2.87 
a Mean amount in grams. 
Results 
A summary of red and beige food consumption by the experimental and 
control groups is pre ented in Table 2. The groups exposed to red food ate 
reliably less than those exposed to beige food on both the pretraining [F 
(I, 70) = 87.73,p < .01] and training[F(l, 70) = 131.03,p < .01] days.. 
These two finding are particularly interesting in light of the data from 
Experiment 3 which showed that injections of LiCI did not produce 
sensitization. It appear that chicken display neophobia to a novel food 
and that this reaction is not enhanced by injections of LiCI. A similar 
ob ervation has been made by Domjan (1977) who showed that poisoning, 
in the absence of a novel food, produces enhanced neophobia which 
disappears over a 5-min test period. 
Two-way analy e of variance were also performed on the red fooq 
con umption on each of the test days. The experimental groups ate 
reliably les red food than the control group on Test 1 [F (1, 70) = 92.04, 
p < .01], Te t2[F(l, 70) = 36.23,p < .01], Test3[F(l, 70) = 43.10,p < 
.0 l], Test 4 [F (1, 70) = 31.47, p < .0 l], and Test 5 [F (1, 70) = 21.90, p < 
.01]. An examination of Table 2 indicates that the red food aversion had 
di appeared by Te t 4 in the experimental group that was injected 480 min 
after food removal. All other groups maintained their aver ion throughout 
the five test e ion . The e findings confirm those of the previous exper-
iments by demon trating reliable and robu t aversions over long delays. 
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EXPERIMENT 5 
The long delayed vi sual aversions formed by the chickens in E xperi -
ments 1 and 4 may have been based on the flavor imparted to the food by 
the red dye. Thi s possibility is rendered unlikely due to the long delayed 
aversions demonstrated by the novel texture group in Experiment 2. 
_ Nevertheless, previous investigators have reported that a novel tas te may 
facilitate the formation of a visual aversion (Brett , Hankins, & Garcia, 
1976; Brower, 1969). The present experiment examined the importance of 
the red dye 's flavor by rai sing chickens on red food and red water under 
red lights . To human observers red food under red light looked very 
similar to beige food under normal light , while the appearance of beige 
food was not a ltered in either light. The major effect of rai sing the 
chickens on red food under red light would then be to habituate the 
animals to a ny taste produced by the red coloring and therefore reduce the 
poss ibility that they would associate the taste with sickness (Revusky & 
Bedarf, 1967) . 
Method 
Immediately after hatching 24 chickens were moved into a room which 
was illuminated by fourteen 40-W red lights . On Day 12 half the animal 
were switched to normal lighting conditions , while the other half remained 
under red lights. Both groups were also switched to beige food and 
normal tap water from Day 12 onward. On the training day red food wa 
reintroduced and eight animals in each group were injected with LiCI and 
four others were injected with an equal volume of physiological saline. All 
animal s were tested with red food. 
Results 
The two saline groups were combined because they did not differ on 
any day (p > .05). The two experimental and the combined control group 
were significantly different from each other on only the test day [F (2 , 21) 
= 6.44 , p < .01]. Scheffe multiple comparis~ns revealed that the chicken 
trained with red food under normal lights (X = 1.59) ate reliably less red 
food on the test day than did the combined control group (X = 3.11) and 
the group which had been trained under the red lights (X = 3.39) VJ < .05). 
The group trained under red light did not differ from the sa line control 
group (p > .05). If an aversion could have been formed to the taste of the 
food coloring , both experimental groups would have shown an aversion . 
Correspondingly , if they could not form pure vi sual aversions neither 
group would have shown aversions . It appears, then , that the fl avor of the 
dye , if it exi sts, was not contributing to the form ation of the red food 
avers10n. 
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GENERAL DISCUSSION 
It eems clear that chickens will associate a novel colored and textured 
food with induced sickness even when a long delay intervenes between 
the two events. These data indicate that explanations of long delay learn-
ing that seek to limit the phenomenon to taste aversion learning are 
inappropriate. The formation of long delay learning cannot always be 
ba ed on the slow onset and offset propertie of taste (Te ta, 1974) 
becau e a stimulu uch as color can be associated with illness when 
delays of hours intervene between the two events. The suggestion that 
long delay learning is limited to taste because the taste receptors are 
re timulated at the time of sickness (Bitterman, 1975) lacks generality in 
the light of vi ually produced aversions. It also seems that taste is not 
always required to mediate delays between visual stimuli and sickness. 
Explanations in term of stimulu s relevance also have difficulty in 
accounting for long delayed visual food aver ions in chickens since it is 
well documented that vi ual food cues are readily associated with external 
con equences (Shettleworth, 1972). Hence, there are potentially many 
event between the novel color and the delayed sickness which could, but 
do not , interfere with the association. The traumatic event of sickness 
may have overshadowed the lesser consequences which were associated 
with the visual food cue. Such an explanation is in accord with the 
ymmetrical model of associative interference proposed by Revusky 
( 1971) in that consequences, like neutral stimuli, are probably subject to 
simi lar rule of association such as overshadowing and blocking. 
The great facility with which chickens used color and texture supports 
the contention that add itional work should be done on the development of 
food cue use in animals (Braveman, 1975; Martin et al., 1977). Chickens 
and quail have a ensitive visual apparatu and more importantly are 
required to rely on vision from the time they hatch. These two factors may 
interact and thereby maximize the importance of visual stimuli which 
provide adequate food cue information. Other birds which also have good 
vi ual systems, such as blue jays (Brower, 1969) and hawks (Brett et al., 
1976), display apparent ly more reliance on taste cues. The increased 
dependence of taste cues may occur because during early development 
the e bird are force fed and consequently have less opportunity to use 
vi ual food cues. Thi interpretation is consistent with the difference 
which ha been observed between rats and guinea pigs (Braveman, 1975). 
Guinea pig , which have a visual y tern comparable to that of the rat, -
readily form a visual aversion while rats do not. Since guinea pigs are 
precocial, unlike rats, and therefore are capable of using visual cues from 
the time of birth; the additional early experience may contribute to their 
ability to associate vi ual food cues with induced sickness. The appar-
ently imilar effect of early experience on both birds' and mammals' 
employment of food-related timuli indicates that further work will reveal 
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whether or not early experience contributes to animals' assoc iative pre-
dispositions. 
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THE EFFECTS OF INTRACEREBRAL INJECTIONS OF OUABAIN 
AND PHYSIOLOGICAL SALINE ON CHICKENS' FORMATION 
OF VISUAL AVERSIONS 
Gerard M. Martin 1 and W.P. Bellingham 
Australian National University 
R.F. Mark . 
Department of Behavioural Biology 
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Abs ; i·act 
Intracerebral (i.e.) injections of ouabain or physiological 
saline produ~ed apparent memory inhibition of a conditioned aversion 
that was ~rought about by feeding chickens a novel red coarse food 
which was followed by an intraperitoneal injection of lithium chloride. 
Reintroduction of ouabain or physiological saline during the test for 
a conditioned aversion eliminated the memory inhibition effect. 
Ouabain and physiological saline could be interchanged between the 
training and test day. Furthermore, apparent memory inhibition was 
I 
not produced when higher dosages ·of ouabain were ·injected on both the-
trainin~ and test days. Habituating the chickens to the intracerebra l 
injections also abolished the . memory inhibition effect. Neither 
failure to recognize the red coarse food on the test day, nor com-
petition between i.e. injections and novel food for association with 
induced sickness explains these results. The data are discussed 1n 
terms of the possibility that i.e. injections produce an altered state 
which modifies the bird's reaction to the novel food on the training 
day. 
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THE EFFECTS OF INTRACERE '. AL INJECTIONS OF QUAl3AIN 
AND PHYSIOLOGICAL SALI 1 ' 1-~ ON CHICKENS' FORMATION 
OF VISUAL AVERSIONS 
3. 
Until recently the exami n·a ti on of memory formation and its 
inhibition has been limited to learning situations which required 
contiguity of the neutral stimulus -and its consequence. This constraint 
has prevented investigators from determining whether or not the memory 
inhibitor employed interrupts the association of the two events or 
prevents the recall of the neutral stimulus, the consequence, or both. 
This difficulty can be overcome in poison-based avoidance learning 
because~close temporal contiguity is not required (Revusky, 1971 ). 
This learning task has other advantages. Learning is disclosed by 
reduced consumption on the test day. Hence, apparent learning would 
be augmented if the memory inhibitor was punishing or simply reduced 
the animal's responsiveness. It also avoids the problems of multiple 
training trials because animals display substantial one-trial learning 
which 1s specific and long lasting (Revusky & Garcia, 1970). 
Memory studies which have employed poison-based avoidance 
learning have used electroconvulsive shock (ECS) (Kral, 1971a, 1971b; 
-
Kral, 1972; Kral & Beggarly, 1973; Nachman, 1970), cortical spreading 
depression (CSD) (Buresova & Bures, 1973; Buresova & Bures, 1974; 
Buresova & Bures, 1975; Davis & Bures, 1972; Lehr & Nachman, 1973), 
cycloheximide (Tucker & Gibbs, 1976), metrazol (Ahlers & Best, 19 72; 
Millner & Palfai, 1975), and intracranial electrical stimulation (Lett 
& Harley, 1974; Ralph & Balagura, 1974) as memory inhibitors. The 
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findings from these studies hav1 been equivocal 1n that they have been 
contradictory and have not nece ~sarily required an explanation 1n terms 
of memory inhibition. 
ECS has been reported to affect learning at some intensities 
and durations while at others it has not (Kral, 1971a; Nachman, - 1970). 
In addition, ECS does not inhibit the memory of the taste nor of the 
sickness but prevents an association between the two events being formed 
(Kral, 1971b). Such an effect could be accounted for by postulating 
either the inhibition of some associative mechanism or the formation 
of · a competing association between the taste and the physiological 
effects of the ECS or between the ECS and the sickness. Convulsive 
dosages~of metrazol appear to produce retrograde amnesia 1n some cases 
but not in others (Ahlers & Best, 1972; Millner & Palfai, 1975). 
Metrazol was injected 10 min before or after an injection of lithium 
chloride and did not prevent the formation of a food aversion (Millner 
& Palfai, 1975). Hence, · the metrazol does not appear to affect the 
animal's memory of the taste nor does it appear to produce a dissociation 
of the taste and sickness. It did, however, impa ir the formation of an 
aversion when injected 2 min before, at O min or 3 min after the injection 
of lithium chloride. The impairment may occur because metrazol .does 
~roduce amnesia or because at those · particular times a compet ing associa-
tion between the effects of metrazol and sickness is set up. It is also 
possible that metrazol attenuates the effects of the lithium chloride . 
Another chemical memory inhibitor, cyclohexi mide, has been shown to 
prevent the formation of a food aversion when injected intraventric~larly 
seven hours prior to training (Tucker & Gibbs, 1976). This effect could 
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be due to memory inhibition but · he investigators did not control for 
state dependent learning by rei1 1,ie cting the cycloheximide seven hours 
prior to testing the animals for a food aversion. 
Simi~ar problems exist with studies that have looked at the 
effects of CSD on the formation of food aversions. Transfer of a food 
aversion from the undepressed to the depressed hemisphere has been 
reported by some investigators (Lehr & Nachman, 1973) but not others 
( Be s t & Z u c k e rm a n , 1 9 71 ; Bu re s ova & Bu re s , l 9 7 3 ; D a v i s , l 9 7 5 ) . Dav i s 
and Bures (1971) obtained food aversions when bilateral CSD was induced 
after fluid consumption and shortly before poisoning, yet bilateral CSD 
applied after ·fluid consumption can interfere with the formation of 
an aver.ion (Buresova & Bures, 1975; Davis & Bures, 1972). In addition, 
rats do not form aversions if bilateral CSD is applied before fluid 
consumption (Buresova & Bures, 1975) although Best and Zuckerma n (1971) 
reported food aversions under bilateral CSD after several taste-poison 
pairings. Such an effect may reflect state dependent learning because 
the animals were tested in the absence of the CSD. Finally, auresova 
and Bures (1975) reported that saccharin aversions can be extinguished 
under bilateral CSD. Extinction of a taste aversion under CSD and the 
formation of an aversion when the CSD is induced throughout the sickness 
(Davis & Bures, 1972) indicate that · the animils are capable of remembering 
both the taste and the s ickness. This su~9csts that CSD, lik ECS nnd 
111etrc1zol, lllay produce some of its effects by scttin0 up ·interfering 
associations ·and not by producing physiological ·interference wi _th 111ernory 
formation. 
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The present series of e -oe riments attempted to clarify the 
effect of memory inhibitors on i he formation of food aversions. Our 
apparent success at demonstrating memory inhibition in the first 
experiment w9s revealed to be a function of the animal 1 s altered state 
on the training day. 
Experiment l 
Mark and Watts (1971) demonstrated that ouabain, when injected 
1 .c. into the forebrain of chickens, would act as an effective memory 
inhibitor for ·a one-trial passive avoidance learning task. Since 
excel1efit visual aversions have been demonstfated 1n chickens (Martin, 
Bellingham, & Storlien, 1977) it was hypothesized that ouabain would 
interfere with the formation of aversions in this paradigm. 
General Method 
The following 1s a description of the events which are common 
to all the experiments. Specifications for the assignment of birds to 
experimental and control groups are given in the method section of each 
experiment . The chickens used were White Leghorn X Black Australorp obtained 
·-
as fertilized eggs from BimBimBie Poultry Farm, Melbourne, Australia. 
They were incubated and hatched according to standard poultry procedures. 
The food was D & R Chick starter which had been soaked in tap 
water (100 ml· of water to 100 g of food), dried at 70°C, and then crushed 
to a diameter of between 0.3 and l . 0 mm (Dried Food). Red coarse food 
was prepared by adding 6 ml of red Aeroplane food colouring to every 
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94 ml of water and crushing the ·ed food to a diameter of between 2.4 
and 3.4 mm after it was dried. he birds were maintained on dried food 
and tap water throughout the ex µeriments. Access to red coarse food 
was given on training and test days. 
As soon as they were hatched (Day 1) the chickens were moved to 
a Multiplo communal brooder. A light (0700 ~rs) and dark (1900 hrs) 
cycle- was maintained throughout all phases of the experiment, with one 
noted exception. On Day 9, at 1700 hrs the birds were moved to individual 
wire cages (19 x 16 x 16 cm) in which they were visually isolated by 
paper .towelling that covered two sides and the back of the cages. Food 
and water were provided in containers with a 3 cm hole, 3 cm from the 
floor~ through which they could eat and drink. Food was placed . on the 
left and water on the right side of the cage. 
On Day 11, at 1700 hrs, the deprivation procedure was initiated. 
Food was available between 0900-0915 hrs and 1100-1900 hrs. Water was 
always available except dur·ing ·the 0900-0915 feeding session. Food 
consumption was measured by weighing each chicken i~mediately before 
and after the 0900 hrs feeding session. 
On Day 14 a pretraining measure of food consumption was obtained 
1n order to assure comparability among the various groups. On Day 15 
(training day) food consumption was · measured -and experimental manipulations 
were performed. These consisted of both i.e. inject ·ion s of Ouobain 
(Si9rna) or physiological saline. either 15 min prior to foocJ pr es enta tion 
or 5 min aft<?r food removal and intraperitoneal (i .p.) ·injection s of 
0.7 M lithium chloride (24.63 g per 1000 ml of distilled water) or 
physiological saline 30 min after food removal at a dosage of 1 ml per 
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8. 
100 g of the animal's . body weig 1, 1:. With the exception of Experiment 3, 
the dosage of ouabain used was 11 . 037 µg /50 µl of physiological saline. 
In all experiments, one injectiun of 25 µl was made into each side of 
the forebrain and a rubber stop on the 0.45 x 13 mm needle ensured that 
its penetration was 3 mm. An equal volume of physiological saline was 
injected i .c. into the control birds. 
The chicks were given no further access to food on the training 
day until 1700 hrs, after which there was free access to food, with 
the lights left on until 1900 hrs of Day 16. Food deprivation and the 
light-dark cycle then began again as before. 
Days 16, 17, and 18 allowed for recovery from the effects of 
injecti~ns and food consumption was measured on Day 18 (pretest) to 
check comparability of the groups before the test day (Day 19). Food 
consumption measures were obtained on Day 19. 
Statistical analysis. In all experiments chickens from at 
least two separate hatches were used and were randomly assigned to 
groups. T-tests were used on two group experiments and one or two-
way analyses of variance were used on multiple group experiments to 
assess overall significances of difference. Individual means were 
compared using Scheffe multiple comparisons. 
Data from the pretraining, training, pretest, and test days 
were examined separately. Control animals injected i.p. with physio-
logical. saline were combined in each experiment, with the exception of 
Experiment 3; because they never differed reliably (.2_'s > .05) on any day. 
In no case were there, with the exception of Experiment 3, differences 
in food consumption among groups on pretraining, training, or pretest 
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days (12_ 1 s > .05). Therefore on·:y test day data, where significant 
differences (12_ 1 s < .05) were fo u,1d, are considered and discussed. 
Experiment l Method. Thirty-two chickens were fed novel red coarse 
food followed 30 min later by i.p. injections of LiCl. Sixteen of these 
chickens were injected i.e. with ouabain (0); half 15 min prior to food 
· presentation (0+15) and half five min after food removal (0-5). The 
rema1n1ng 16 chickens were injected i.e. with physiological saline 
(S); half 15 min prior to food presentation (S+l5) and half 5 min after 
food removal (S-5). 
Another 16 chickens served as conditioned aversion controls 
(Cont). They ~ere given novel red coarse food and were injected 1 .r. 
with physiological saline 30 min after food removal. Half these chickens 
were injected i .c . with physiological saline 15 min prior to red coarse 
food presentation and the other half were _ injected i .c. with physio-
logical saline 5 min after food removal. 
All birds were given access to red coarse food on the test day. 
Results and Discussion 
The red coarse food consumption of all groups on both the training 
and test day is shown in Fig . l. The four experimental groups and the 
pooled control group differed reliably on the test day (f_(4,43) = 10.07, 
Q < .01 ). Scheffe multiple comparisons revealed that the Cont group 
and the 0+15 and S+l5 groups ate reliably more red coarse food on the 
test day than did the 0-5 and the S-5 groups (_p_'s <.0l ). The red coarse 
food aversion, shown in the 0-5 and S-5 groups, was not produ ced by the 
aversiveness of the i .c. injections which followed red coarse food 
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consumption because the chicken (; that were injected i .p. with physio-
logical saline did not differ rr l iably on the test day (t(l4) = 0.59, 
Q > .05) whether they were injec ted 15 min prior to food presentation 
or 5 min after food removal. Nor was there a need for the i .c. injections 
to mediate the delay; a previous study (Martin & Bellingham, 1979) has 
shown that chickens have no difficulty forming a red coarse food aversion 
when a delay of several hours intervenes between food consumpt ion and 
the injection of Li Cl. Apparently, injections of either ouabain or 
saline 15 min prior to red coarse food consumption on the training day 
prevented either the formation of a red coarse aversion on the training 
day or influenced the recall of an aversion on the test day. Previous 
studie~.that have employed chickens in other learning tasks have not 
demonstrated any effects on memory· that are attributable to i .c. saline 
injections (Gibbs & Barnett, 1976; Mark & Watts, 1971; Rogers, Drennen, 
& Mark, 1974). The comparable effects of both saline and ouabain suggest 
that the observed effect may not have anything to do with memory inhibition. 
Experiment 2 
The previDus experiment revealed that injecting ouabain or saline 
15 min prior to the presentation of . red coar~e fopd, wh ich was paired 
with Li Cl , prevented the chickens from showing an avers 1 on to the red 
coarse food which was presented again four days later. No noticable 
red coarse food aversion on the test day may mean that the saline and 
ouabain operated as memory inhibitors. It is also possib le that i .c. 
injections of ouabain and saline produced a novel state which had to be 
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present on the test day iD orde ' to help the chickens recall the red 
coarse-LiCl association. The fn llowing experiment assessed these tv10 
possibi lities. Chickens were i :1jected i .c. with ouabain and saline 
prior to red coarse food presentation on both the training and test day. 
One wou ld predict no red coarse food aversion on the test day if a 
memory inhibition explanation were correct. One would expect a red 
coarse food aversion on the test day if the effect observed in the first 
experiment was attributable to state dependent learning. 
Method 
Twelve chickens were injected i .c. with ouabain and another 12 
chicken~ were injected i.e. with saline 15 min prior to red coarse food 
presentation on the training day. Eight chickens from each group were 
injected 1 . p. with Li Cl 30 min after food removal. The remaining 8 
chickens were injected i.p. with an equal volume of physiological saline . 
30 min after food removal . 
On the test day each chicken was re injected 1 .c. 15 min before 
red coarse food presentation with the same solution that it had been 
injected with on the training day . 
Results and Discussion 
Reliable differences were found on the test day (F(2,21) = 45.97, 
Q < . 01) between the two LiCl groups and the pooled i.p. injected physio-
logica l saline groups. Repetition of the saline or ouabain i .c. injections 
on the test day produced a complete return of the aversion in the groups 
that had been injected i .p. with Li Cl on the training day (X's= 0. 12 
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and 0.10 g food, respectively) 1 ~lative to the group that had been 
injected 1.p. with physiologica 1 saline on the training day and re-
injected i.c. on the test day ( /4 = l .34 g of food on the test day). 
It appears, then, that the absence of a red coarse food aversion in 
the first experiment is attributable to state dependent learning rather 
than to m€mory inhibition. 
Experiment 3 
Mark and Watts (1971) demonstrated that higher dosages of 
ouabain produce greater memory inhibition. It is possible that our 
ouabai~dosage was too low since similar effects were obtained with 
saline and ouabain. The dosage of ouabain was increased up to three 
times that used by Mark and Watts (1971) in order to test for this 
possibility. 
Method 
Ninety-six chickens were divided equally among six groups on 
the training day. The groups were injected i .c. with either physio-
logical saline, 0.4 1-19, 0.6 1-19, 0.8 1-19, 1.0 1-19, or 1.2 1-1 g of ouabain 
per 50 1-11 of physiological saline l5 min prior to the presentation of 
red coarse food -according to the procedure as described in the General 
Method section. Thirty min after food removal eight in each group we re 
injected i.p: with LiCl and the remaining eight in each group were 
injected i .p. with an equal volume of physiological saline . On the 
test day the training day procedure was repeated without including the 
i . p. injections. 
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Results and Discussion 
The red coarse food cons.Jmption for all groups 1s presented in 
Fig. 2. An overall difference i n amount of red coarse food consumed on 
the training day was demonstrated by a two-way analysis of variance 
(f.(5,84) = 3.93, Q < .01). Multiple comparisons showed that the a~ount · 
of food consumed was significantly lower for the 1.2 µg ouabain group 
than for the 0.4, 0.6, and 0.8 µg ouabain groups as well as the 1 .c. 
injected saline group. Therefore, the dosage of l .2 µg was close to 
the ·highest dosage we could use and still obtain training day food 
con~umption. No other differences were obtained on this day and none 
were expected ·because the groups did not differ on any other dimension 
at this.point in the -experiment. 
Significantly reduced . food consumption on the test day for the • 
~roups injected with LiCl was found using a two-way analysis of variance 
(f.(l,84) = 25. 18, Q < .01). Thus, it appears that even at high dosages 
ouabain, when reintroduced at time of testing, is not a memory inhibitor 
for a conditioned visual aversion produced by Li Cl. No other differences 
were significant on the test day. 
Experiment 4 
High dosages of ouabain did not produce memory inhibition. This 
finding suggests that it might be more profitable to as~e r tai n which 
characteristic of an i .c. injection produces state depend ent l ear nin g. 
The state dependent effect might be produced by simple inser t ion of the 
needle into the chicken's head 15 min prior to food presentation on the 
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training day. Insertion of the needle may not be adequate; some solution 
may have to be injected in addi ti on to the insertion of the needle. It 
is even possible that the natur0 of the solution is important. For 
example, one may not get a recall of the aversion on the test day if 
the solution injected is changed between training and test. The se 
suggestions were examined by inserting the needle i .c., without any 
fluid being injected, or by injecting either saline or ouabain on the 
training · day and reversing the solutions on the test day. A group ·which 
had the needle inserted into its head on the training, but not the test 
day, should not show an aversion on the test day if needle insertio~ 
alone produces state dependent learning. Furthermore, ouabain and saline 
should be interchangeable if needle insertion alone is important or 
if injecting some solution, regardless of its nature, prior to food 
presentation is important. 
Method 
Twelve chickens were injected i .c. with saline, another 12 with 
ouabain and 24 with the needle alone 15 min prior to red coarse food 
presentation on the training day. Eight chickens from the i .c. saline 
group (S+l5), ·eight from the ouabain group (0+15), and 16 from the 
needle alone group (HP+l5) were i~jected i .p: with Li Cl 30 min after 
food removal. The remaining chickens 1n each group were inj ected i . p. 
with 11n cqtJJl volu111c or physiolo0ict1l ~;c.1 linc 30 111i11 dft(:r rood rc111ov11 l 
(Cont). 
All thickens that had been injected 1.c. with saline on th e 
training day (S+l5) were injected i .c. with ouabain 15 min prior to red 
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coarse food presentation on the test day (0+15). All chic ke ns t hat 
had been i n j e ct e d i . c . w i th o u a I, :i i n on the tr a i n i n g day ( 0 + l 5 ) were 
injected i.e. with saline 15 mi11 prior to red coarse food presentation 
on the test ~ay (S+l5). 
The chickens that had the needle inserted into their heads 
without the injection of any fluid (HP+l5) and eight Cont chickens were 
subdivided on the test day. Half the chickens in each group had the 
needle inserted into their heads prior to red coarse food presentation 
on the test day. The other half were not injected prior to red coarse 
food presentation. 
Results.and Discussion 
The amounts of red coarse food consumed on the training and test 
days by the four LiCl groups and the pooled saline ·i.p. groups are 
presented in Fig. 3. The five groups differed reliably on the test day 
(£.(4,43) = 16.01, Q < .01) and multiple comparisons revealed that the 
four groups injected i .p. with LiCl displayed an aversion to red coarse 
food relative to the pooled groups that were inj€cted i.p. with physio-
logical saline. Consequ€ntly, it seems clear that handling and insertion 
of the needle into the chick's brain is not sufficient to eliminate a 
test day aversion and that saline a·nd ouabain are interchangeable. The 
ineffectiveness of needle insertions alone indicates that the state 
dependent learning 1s dependent on the injection of a fluid into the 
chicken's brain prior to training. Furthermore, the fin din g th at oua bain 
and saline are interchangeable suggests that the nature of the f luid may 
not be too important. 
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Exper 11 1ent 5 
Experiments l and 2 ind 1sated that the i .c. injection on the 
training day only prevented birds from displaying the aversion on the 
test day when we failed to repeat the injection at the time of testing. 
It is possible that the critical aspect of the procedure is a change 
of state from the learning to recall stage. This was examined by pairing 
red coarse food consumption with LiCl on the training day and adminis-
tering an i.e. injection of physiological ~aline, for the first time, 
15 min prior to red coarse food presentation on the test day. No 
aversion should have been displayed if the effect was solely based on 
a change in state from the training to the test day. 
Only saline was used in the remaining experiments because ouabain 
and physiological saline were interchangeable (Experiment 4), and because 
higher dosages of ouabain also failed to produce memory inhibition (Experi-
ment 3), when the i .c. drug was administered before training and test. 
Method 
Sixteen chickens were given red coarse food on the training day 
and 30 min later half were injected i .p. with Li Cl while the other half 
were injected with an equal volume of physiological saline. On the test 
day all chickens were injected· i.c. · with physiological saline 15 min 
before red coarse food presentation. 
Results and Discussion 
The LiCl groups did not eat any red coarse food on the test day 
and the i . p. saline group ingested an average of 2.03 g. Hence, the 
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introduction of i.e. injections Jn the test day did not attenuate the 
display of an aversion. The re r ults also indicate that the i .c. injection · 
does not influence the animal's perception of the red coarse food. In 
addition, these results suggest that the effect on the training day is 
a product of an interaction between the i.e. injection and the novel 
food rather than to symmetrical state dependent learning. 
Experiment 6 
The effect of an i .c. injection is asymmetr ital; it does not 
prevent the recall of an aversion that has been formed in its absence; 
it does~ however, have to be reintroduced on the test day if the aversion 
was formed in its presence. ·So it appears that aversions which are 
formed when the animal is in a novel state are not recalled in the 
absence of that state. In contrast, aversions that are formed in a 
familiar state are recalled whether a familiar or novel state is present 
at the time of test. 
The importance of novelty was examined further in the present 
experiment. We attempted to reduce the novelty of i .c. injections by 
exposing the birds to the injections prior to the training day. This 
-
reduction in novelty should result in the chickens displaying an aversion 
on the te st day even with i.e. injections being ab sent on that day. 
Method 
On the two days prior to the training day 16 chickens were 
injected i.e. with physiological saline at 1200 hrs . On the training 
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day all were injected i.e. with ,ihysiological saline 15 n11n prior to 
red coarse food presentation. !,1irty min after food removal half were 
injected i.p. with Li Cl and the other half were injected i .p. with an 
equal volume .of physiological saline. On the test day all chickens 
were again given access to red coarse food and were not injected 1.c. 
prtor to food presentation. 
Results and Discussion 
The LiCl group (X = 0.87 g) ate reliable less red coarse food 
than the physiological saline group (I= 2.07) on the test day (t(l4) = 
3. 10, Q < .07). It appears that familiarizing the chickens with i .c. 
injecti~ns of physiological saline over two days prior to the training 
day eliminated the interaction that was observed between the 1 .c. 
injection and novel red coarse food in the first experiment. 
Experiment 7 
Repeated exposures to an event, 1n ad~ition to reducing its 
novelty, also decreases the probability that it will be associated with 
a novel consequence (Lubow, 1973). The elimination of the effect of 
-i . c . i n j e ct i on s by h ab i tu at i on s u g g ·es ts the po s s i· b i l i ty th a t i n Ex per i men t 
l the i.e. injections, due to their novelty and 9reilter sa li ence , over-
shadm"lcd the red coarse food and were, therefore, assoc iated v-1 i th induced 
sickness. Consequently, on the test day no aversion was dis played because 
the event which had been associated with induced sickness was absent. 
This hypothesis is somewhat unlikely owing to the fact that 1.c. injections 
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following food ingestion do not interfere with the formation of a 
conditioned aversion. T~e pres ~1t experiment made three different 
attempts, however, to demonstraLe the existence of an association between 
some 1.c. induced state and a conditioned aversion. 
Method 
Part A. Twenty-four chickens were injected i .c. with physio-
logical saline 15 min prior to red coarse food presentation on the trai~ing 
day. Si.xteen were injected i.p. with LiCl and ·the other eight were 
injected i.p. with an equal volume of physiological saline 30 min after 
food removal. , On the test day half the chickens in each group were again 
injected 1.c. with physiological saline 15 min prior to access to a 
familiar dried food and the othef half were not injected. 
Part B. Twenty-four chickens were injected i .c. with physio-
logical saline 15 min prior to red coarse food presentation on the training 
day. Sixteen were injected i .p. with Li Cl and eight with an equal volume 
of physiological saline 30 min after food removal. On the test day half 
the chickens in each group were not injected i .c. and the other half 
were injected i.e. with physiologi~al saline 15 min before food presen-
tation. The food presented was green fine food (6 ml of green Aeroplane 
--food colouring to 94 ml of tap water that was mixed with 100 g of food 
which was dried at 70°C and crushed to a diameter between 0.35 and l . 00 mm). 
Part C. Twenty-four chickens were injected i .c. with physio-
l o g i ca l s a l i n· e l 5 mi n pr i or to d r i e d food pre s en t c1 t i on on the tr c1 i n -j n g 
day. Sixteen were injected i .p. with Li Cl and eight with an equal volume 
of physiological saline 30 min after food presentation. On the test day 
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half the chickens in each group ,1ere again injected i .c. with physio-
1 o g i ca l s a l i n e 1 5 mi n pr i or to i_ I' e pres en ta t i on of d r i e d food . T h-e o the r 
half were not injected prior to the presentation of dried food. 
Results and Discussion 
Analyses of the results on all days for Parts A, B, and C did 
not reveal any reliable differences. The failure to find test day 
suppression of dried find food consumption in Part A and green fine- food 
consumption in Part B after repeating the i.e. injection supports the 
notion that the red coarse food did not mediate an association between 
the i.e. injection and sickness. Furthermore, it supports previous 
finding~ which demonstrated that food aversions are specific -to the food 
paired with induced sickness (Martin et al., 1977). 
A familiar food was used on the training and again on the test 
day 1n Part C since it is possible that the novel red coars e food used 
on the training day, in the first two parts, could somehow interfere 
with the formation of an association between the novel state and sickness. 
It is known that aversions are found to familiar foods only v-1ith difficul~y 
and given that the i .c. induced state 1s novel it seemed' plausible that 
some aversion. would be seen in Part C if aversions could be formed to 
novel states. Once again there was no indic~tion of a test day aversion_. 
Th c r c c1 pp c ct rs , th c n , to hr. i1 11 ·j n tr. r i1 c l i o 11 I) c l: w c r n L hr' pr r (~ 0 n L1 ti on 
0 I o n O V C l IO O d cl 11 cl th C i n cl UC t"i O 11 0 I L n cl l Lr r C cl S L cl Lr W h i C h j) r(' V 0 t I tr; L h C. 
nw.nifestation of an aversion in the absence of th e s la te. 
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General '' iscussion 
Chickens failed to display an aversion to red coarse food on 
the test day . if they were injected 1 .c. with saline or ouabain on the 
training but not on the test day. This finding indicates that there 1s 
an interaction bet0een the altered state and the novel f6od on the 
training day when the altered state occurs prior to food presentation. 
The nature of this interaction does not appear to be perceptual because 
the chickens recognize red coarse food when in the novel state. Nor 
does it have anything to do with memory fonnation, as evidenced by the 
complete recall displayed when the state was reintroduced on the test 
day and·the fact that habituation to the injections eliminated the 
apparent memory inhibition. Furthermore, the lack of memory inhibition 
was not due to the low dosage of ouabain used since increasing the 
dosages had no effect. Nor can one argue that i .c. injections compete 
with visual cues for the association with the sickness owing to their 
greater salience . Such an argument would predict more interference when 
the injections followed food consumption and would also lead to the 
expectation that some kind of association could be demonstrated between 
the state and sickness, which is not the case. 
The i.e . injections had to be reintroduced on the test day in 
ord er to reinstate the aversion. This suggests that we have obtained 
state dependent learning. The necessity that the state be novel makes 
it unlike ly that the i .c. injections affected the animal's processing 
abilities (Overton, 1964) because one would expect that repeated adminis-
tration would exacerbate or at least not influence processing abilities. 
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It appears that i.e. injections 1irovide an additional stimulus that 
when novel modifies the reactio t, of chickens to the red food. The 
existence of an interaction and the fact that it is asymmetrical suggests 
the possibil1ty that successful prevention of the association between 
novel tastes and sickness reported in some studies (e.g., Buresova & 
Bures, 1975; Tucker & Gibbs, 1976) reflects state dependent learning. 
These data indicate that investigators who work with memory 
inhibitors should inject the memory inhibitors used on both the training 
and test days because learning deficits may reflect state dependent learning. 
In addition, one should wait at least several days before t est in g for 
learning deficits, because it takes several days for the physiological 
effects~of some memory inhibitors to dissipate (DeVietti & Larson, 1971; 
Schneider, 1967). 
The elimination of the state effect by repeated exposure to the 
1 .c. injections indicates that this technique wou ld be useful when studying 
either memory inhibition or state dependent learning. Such a procedure 
broadens the scope of studies on memory inhibition and state dependent 
learning because it enables us to sta~t differentiating between the 
stimulus properties and pharmacological actions of the chemicals being 
used. Drugs whose pharmacological actions are not affected by repeated 
presentation should maintain their effects throughout habituation unless 
some of their effects are attri butab le to their ·stimu lu s properties. 
Dru gs whose phys iological action i s modified by repeated pres entation 
can also be examined by attempting to correlate the internal changes 
with the behavioural effects. 
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Our findings with i.e. ~, 1jections of saline support previ ous 
studies v,hich have shown that s 1H:h injections can influence the uptake 
of amino acids (Dunn, 1975) and the recall of learned associations 
(Flexner & Flexner, 1968) thereby indicating that one should be careful 
when using 1.c. injections of saline as a control procedure. The 
presence of the saline effect in the present study, but not other studies 
(Mark & Watts, 1971; Watts & Mark, 1971), suggests that a profitable 
approach to state dependent learning would involve the use of poison-
based avoidance learning rather than other paradigms where changes in 
the animal 's internal state 1 s not as important because the task is 
based on external stimuli. In fact, the food aversion paradigm may 
offer ·mcre advantages in this area than 1n memory inhibition work due 
to the fact that time parameters of the food cues and sickness are very 
difficult to specify .as are the time courses of memory inhibitors, 
thereby hampering efforts to discern the nature of memory inhibition 
effects. 
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Figure Laptions 
Mean amounts of red coarse food consumed on the training (white 
bars) and test day (black bars) by the pooled control group 
• 
( Co n t ) _ a n d g r o u p s i n j e ct e d i . c . \vi th e i th e r p h y s i o 1 o g i ca l s a 1 i n e 
(S) or ouabain (0) 15 min before (+15) food presentation or 5 
min after (-5) food removal on the training day. Perpendicular 
lines represent .standard deviations. 
Mean amounts of red coarse food consumed on the training and 
test days by groups injected i.p. with LiCl (white bars) or 
physiological saline (striped bars) on the training day. Birds · 
were injected i .c. with either physiological saline (S), 0.4 µg, 
0.6 µg, 0.8 µg, 1.0 µg, or 1.2 µg of ouabain 15 min prior to 
red coarse food presentation on both the training and test days. 
The asterisk represents the absence of food consumption. 
Perpendicular lines are standard deviations. 
Fig. 3 Mean amounts of red coarse food consumed on the training (white 
bars) and the test (black bars) day by the combined control 
groups (Cont) and animals injected i .c. with ouabain (0), 
physiological saline (S), Qr the needle along (HP) 15 min before 
(+15) food presentation on the training or test day. The blank 
refers to animals not injected on the test day . Perpendicular 
lines are standard deviations. 
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